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This paper an operative energy concept in marine fendering; 
treats of variable design factors, evaluates ship impact energy, proposes 
- design-energy criteria; _ determines energy- absorbing capacity of fender 
piles; examines mechanical properties of ‘materials, especially greenheart, 
relevant to fender design; simplifies energy-design formulae; compares 
_energy-absorbing capacities of different and arrives at 


a ence by itself even without fendering. In modern structures of steel and con-_ 
3 the requirement for resilience and energy absorptionfrom ship impact — 


has to be met by additional more effective fendering. 


_ mately equal to that of the parallel wall-sided portion of the ships. — 
wharves are to be designed for the required strength as well as for absorbing © 
_ the impact energy by the fendering system along their faces. poise ra ~~ 
“_ Where wharves are to accommodate exclusively for larger ships, it be- 
a comes more economical to have the breasting loads delivered to special 
structures or dolphins, and to set back the loading platform a few feet from 


oa written request must be filed with the Executive Secretary, ASCE. This paper is part 
“of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the © 
- American Society of Civil Engineers, Vol. 87, No. WW 3, August, 1961. 
_ 1 Formerly Chmn. and Chf. Engr. of the Great Northern Port Development Bd. and 
Cons. Engr. to Hulutao, Amoy and Kaohsiung Harbors; Cons. Civil Engr., Mobile, Ala. 


| 
| 
| 
4 
| 
4 
| 
— 
g 
: 


_ face of the wharf, so that the } ship will not touch it but bear against — 


_ Whatever be the layout and functional requirement of a wharf or jetty, ue 
tendering is an essential component of the construction to avoid mechanical : 
damages to both marine structure ~~ — due to destructive impact energy. 4 


"energy aspects in marine determination of variable. design factors, 
ze impact energy delivered by a berthing or berthed ship, how _ 
impact energy can be absorbed by fender piles in the form of internal strain _ 
3 energy in flexure and shear, simplified energy design formulae, comparative y 
_ merits of different materials in energy-absorbing capacity, and the — a 
_ capability in this respect available in the God-created greenheart | (17)2 — 
cording to mechanical test results of this 


MECHANICAL MARINE 
While approaching or leaving a waterfront the process process 
of mooring, or during berthing periods, a ship and the waterfront structure © 
may be subjected to various modes of heavy or light impact shock and ora ll : 
degrees of abrasive action. Unless suitable means are provided for deflecting | 
OF armen the shock and abrasion, either the structure or the ship, or both, 


approaching ; ata by their “warping action ‘during 
_ berthing, or by natural forces, while berthed, due to atmospheric and harbor — 
basin . Among the latter, the | ‘range action d action deserves ‘special 
—*The effect of severe range action on shipping berthed alongside 
solid: quays or jetties is always impressive and sometimes alarming. a 

ir no apparent reason a ship will describe simultaneous translatory 

_ | There in three dimensions within the compass of her mooring ropes. 
There have been cases, especially with large ships, where this action 
has been severe and prolonged enough to break all the mooring ropes ~ 
and to splinter the timber fendering between the ship and the quay. On pS 
such occasions the ship’ s shell plating ar bulkheads undoubtedly will 
He further states; 
“Most of the severe damage that occurs during range results 
from the unsatisfactory cushioning medium to absorb the shock when 
is impelled toward the quay during the on-movement. ... 


— 
| 
will be described later. But after all, for general-purpose wharves and jetties, 
conventional-type timber-pile fendering offers, as ever, simplicity, 
{ 
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ship lying at the loop end of a seiche is s subjected 
to 


a comparatively | small lateral displacement which cannot usually 
os exceed about 1 ft, 
am and cannot call into effective: play the spring action of the ropes. 
Nevertheless, this amount of movement is sufficient to occasion very _ 
a large impact forces between the ship and the quay. The most dangerous — 
periodicities in this action are (as in longitudinal range action) in the 
range from about 1 min down to 20 sec (for most ships of commercial 
sizes, say, from 5,000 tons displacement to 30,000 tons displacement). 
A Of greatest importance is ship ‘size, since the force of impact increases | 
virtually as the square of its mass. Berths located along the —_— 
side of a dock will probably always be more susceptible to the troubles 2 


inherent in _ transverse ranging than berths along shorter side. 
ranaverse impact is undoubtedly the most serious features of 
—* action. Initially tight ropes will not be of much assistance in this 
If the evil is to be endured, the possible protective meas- 
oe are the use of shock- absorbing fenders or of bow and stern anchors” 
to hold ships off the quays.” ; 


_A fender system is an important, indispensable, though ‘supplementary, — 
of water-front facilities, designed to absorb shock from impact 
and to resist glancing or grinding abrasion for the pueyens of protecting both | 
é the structure and floating craft from mechanical damages. It may consist of a 
_ fender piles driven in front of a structure; or timbers in vertical or nearly | 
7 - vertical planes fastened to the face of a wharf, sea wall, or other water-front 
_ structure, with chocks and spacing t timber between them; or ‘any other type 
_ As size of ships increases in recom years, the design of heavy-duty saa 
has become e' ever more important. For convenience of increasing capacity and — 
¢ resilience, and of replacement, fendering | may best be designed in units or 
; ‘panels. Their component parts are in general ates of (a) the rubbing 
face, the structural frame and supports, (c) the resilient units. 
The rubbing face is usually made of hardwoods such as white oak and other — 
exotic species among which Demerara (17) greenheart is the best. ‘Vertical 
a structural frames may be of steel or timber piles. . Instead, certain types of 
. | eet be directly attached to the face of the wharf or hung from its» 


timber in cantilever spring action when used as vertical piles fixed at the 

bottom m, or in springing flexural action when both top and bottom are supported. 
Unless special resilient-type units are used, the fenders themselves must > 
Different types of fenders have been wees to adapt them to diverse pur-— 


deck. Neither structural steel nor reinforced concrete is as efficient . 


and to different impact shocks and abrasive action, The functional adaptability. 
= each yee type of fenders, and the manner r ins which the work or energy © 
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Conventional-type timber- pile fenders are used for 
ee wharves, piers, and jetties. They form the vertical frame and have 
- high resilience and spring action, Impact energy is absorbed directly = 
flexural and shearing strain capacity of fender piles and t to some extent in- 
directly by the structural members behind them. They are driven either singly 
or in clusters | (dolphins), and may be either with or without a cap and an 
and lower wales, as location or circumstances may require. When horizontal 
= - loads are carried to the lower parts | of the | piles, their embedment in the soil 
must be sufficient to transfer the horizontal forces to the soil. They represent 
= the simplest type and have more inherent advantages than any other type. a 
Their batter outward, if used, should be kept ata ‘minimum and in all cases 
iw far less ‘than 1 in 6 beyond which they themselves will likely suffer breaking 
— Q) Floating-type fenders are, in general, provided in water- front facilities | 
- for berthing large vessels or super-tankers, or where there is large variation _ 
of water _levels. In the larger versions they may be fendered pontoons; in 


; _ medium size, , floats with stiffeners inside and wrapped with ropes or rubber 
tubes outside; and in smaller, crude versions, simply wood rafts ¢ or round» 
logs. Originally, they were introduced to keep the ship away from the wharf’s | 
_ face. They also serve as an additional cushion aiding the fenders in eo 
the ship’s impact. For this purpose, they may be installed as an aftermath in 
an otherwise inadequately fendered wharf when it is difficult to drive — 
fender piles later as more energy- absorbing capacity becomes necessary. 
The impact | energy is absorbed by ‘deformation of the floating fenders, or 
x “camels” as they are called colloquially. A replaceable fendering surface, or 
metal rubbing strip, is provided on the vertical fender piles, if any, behind _ 
_ them to withstand abrasion, unless greenheart piles are a 
“* (3) Hung-type fenders have been mainly used for - preventing abrasion to 
either filled cellular or open-type piers where the expected impact is insig- 
nificant. They consist of short lengths of timber or steel members fastened 
. rigidly: to the outboard sides of the main structure so that they can be easily 
replaced when excessively damaged or worn. They are, however, not effective 
in absorbing heavy impact energy because of their limited lateral deflection 
hence low capacity of internal strainenergy. 
4) Resilient-type fenders have been used to absorb the irapact energy due 
to to large ships, and to protect heavy and rigid water-front structures, where _ 
_ there is not much fluctuation of water level. They form a | deflecting, cushioning 


kinetic a moving vessel, and consist of 


(a) Special hardened steel springs of single, double, or multiple coils de- de 


"pending on 1 the capacity (up to 50 tons or 
(c) buffer blocks vulcanized to > steel ‘steel mountings, functioning 
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Hanging rubber-tube ‘segments c of hollow cylinders of rubber 
on steel cable either horizontal or vertical; 


and 


panels « of spring tendering will suffice. The spaces between them may be lined 4 
_ with timbers for occasional contact of smaller ships or barges. Steel springs 
are usually contained in a steel housing and protected by non-corrosive 
metallic coating of nickel or or cadmium and by periodic greasing. ‘They — 
| preferably located above the ‘reach of water. Rubber blocks in front of breast- 
= ing concrete cap are easy to make provisions for additions. The servicesie 
life of rubber in salt water may be extended by neoprene coating. As a safe 
an precaution it is. always advisable to avoid cut down the static resistance of a 
pier and arrange for long-travel springs or sophisticated devices. The latter 
be missed entirely by a ship on impact. 
Ties — 6) Suspended-type fenders have been used where the installation of long 
7 fender piles is too expensive, or where there is large seasonal variation i 
the water level of a river. A “suspended fender has the advantage of oe 
oi easily replaced in an emergency. Inconvenience may, however, occur where © 
the water front is frequented by a large variation of size of berthing vessels. 
a They depend on the heavy gravity weight of the suspended blocks, usually of 
_ concrete, to absorb the major portion of the kinetic energy of a moving vessel, 
_ Such blocks are suspended from the water-front facility by means of steel | 
- links or chains, The impact pressure resulting from a berthing vessel not 
only moves the weight inward but also lifts it upward, thereby expending a - 


large portion of the kinetic energy and reducing the net lateral force trans- 


"mitted tothe main structure; 


(6) Retractable marine fender system (15) has been used to achieve large | 
energy absorbtion, “economy, and permanence. It consists a continuous 
timber vertical member and horizontal wale frame suspended by bolts in 


4 


previous brief description o of types of fenders to to show 
where timber-pile fenders stand in the domain of fendering. While each type 

has some special advantages, the timber-pile fenders, especially of green- 

heart, » have proved to best meet the essential requirements, specified in na 
later" the fendering of general-purpose wharves and piers. 


MEDIA oF OF ENERGY ABSORPTION GENERALLY N NOT CONSIDERED 
In the normal procedure designing fenders, several available media 0 of 
; © energy absorption such as (1) elastic deformation ofthe vessel, (2) yawing and = 


is rolling of the vessel , (3) deformation and movement of the wharf structure, 
g displacement of water between vessel and quay, (5) plastic deformation of 
.~ ground caused by deflection of piling, (6) wave produced by moving ship, 
_ and (7) heat generated by tl the impact, are generally not considered, not only for 


~ eonse rvative reasons but also for the expedient reason that ‘they are not readily — 
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MODES OF ENERGY ABSORPTION TO BE 
are modes of energy absorption that engineers and 7 
_ ships’ captains will attempt to eliminate or reduce to a minimum. These ing 
(1) plastic deformation of ship hull, (2) denting beltings of belted ves-— 
sels, (3) biting of ship into a water-front structure, and (4) cutting by bow into a 
the structure. They are, however, not always entirely avoidable, andthe ~ 
_ energy so expended has_ contributed in many a case to increasing the factor ro 
_ of safety of the main structure which has been thereby | saved from eepeaeeedl 


_ ESSENTIAL REQUIREMENTS FOR THE CONVENTIONAL-TYPE 


tial desirable requirements for the conventional type ¢ of 


for -_general- -purpose wharves, quays, piers, and jetties are enumerated 


ME High absorbing capacity for impact energy so as to eliminate e damages © 


6) Appreciable elastic movement so as to eliminate damages to the © 


| 


6) Capability of absorbing inclined impacts and rubbing forces so as to © 

eliminate 

a (7) Having jointly with the main structure sufficient static resistance and — 
mass to cause poged deformation hull in order to save main 


can be | by and best met gre 


heart, pile fendering. 


VARIABLE DESIGN FACTORS 


factors include tidal fluctuations, atmospheric disturbances, yharbor- 
disturbances, exposed areas displacement | of berthing 


approaching velocities of vessels, and warping of vessels into their berths. 
ad (1) ‘Tidal fluctuations affect the vertical movement of berthed vessels _ 


alongside fender system. When the tidal range becomes large, to better 

‘resist lateral loads, a lower wale-and- -chocking system is usually provided. a 
_ (2) Exposed areas of berthing vessels refer in particular to their surface 
areas above and below the ship’s waterline respectively normal to the Girection 


> 


4 S advisable to regard them as counterbalancing inevaluable 
g 
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— sistema disturbances refer to those above the ship’s waterline. a 
manifest from ordinary winds to those most violent associated with 
hurricanes, cyclones, _ and typhoons, Wind loads are normally determined 
from Weather Bureau ns - the highest wind i velocity fora period of 5 

_ Where past records of wind velocities are available at nearby weather | 
‘stations, the wind load in Ib per sqft on the vertical projection of the exposed 7 
area (Aw) normal to the direction ‘of the wind may be obtained | by the writer’ ‘§ 
linear ‘equations formulated by equating “velocity and pressure heads for an 
air density of 0.0765 Ib per cu ft at 59°F, 76 cm mercury column, using the 
_ upper limit of the probable form factor of 1 3/4 to 2 for the long and almost 


prismatic silhouette | of the ship above waterline. If V = wind velocity in mph, 


ory = the wnedl load intensity in psf, and P,, the total wind load in lb, then: 


for \ v= 100 to 120 ‘mph, 


In inner these wind- load intensities mayb be reduced by a 


‘according to the height of observation above the water surface: no reduction if 
7 +50 ft or lower, 5% over 50 ft to 100 tt, 10% over 100 ft to 150 ft, 15% over = 


ft to 200 ft, and 20% over 200 ft. 

berths are ‘exposed to the open om with a long fetch over no re- 
duction of wind velocity should be made, as wind on water generates a pro-- 
gressive wave which attacks the ship together with the wind. It is, therefore, i 


a simplified, safe | practice to use the full observed wind velocity ‘and neglect 


- _ For extremely high wind velocities in the order of over 100 to 120 mph 
that may | occur during short periods of the severest hurricanes, instead of 
designing the to sustain rare wind loads, it is to re- 


84 


7 4) ) Harbor basin disturbances refer to those below the ship’ s waterline 
such as waves, dynamic pressure of currents, drag force or frictional re- 


the effect of the progressive wave. = ca 


‘ments to reduce freeboard and wind exposure. 


derths adjacent channels. Though b both natural and artificial 
- harbors are genceeily located in sheltered or protected waters, waves have 
to be considered except at inner harbor berthing facilities completely free 
3 from. ‘seiches and waves. Large floating ice is not expected to exist even in | 
- cold climates if the harbor is kept open by icebreakers. Ground swells and — 
disturbances caused by passing ships are not readily evaluable, and hence = 
they be considered as counterbalanced by “media of energy absorption 
— - Generally not considered.” The remaining forces that can be evaluated with a 
7 reasonable degree of accuracy are the dynamic pressure of currents, ‘the 


‘if 
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force of frictional resistance it may be comparatively 

_ (a) Dynamic pressure of currents is generally appraised as equivalent _ 

to twice the velocity head to allow for the dynamic effect. Hence, if vo = ve- 

Iocity of the currents in knots, knot = 1.69 fps); g = = gravity acceleration 
= 32.2 fps per sec; h = head in ft; p, = intensity of pressure in psf; w = unit 
weight of sea-water, taking as 64.4 pcef; C=a coefficient for bilge shape = 1 


x for longitudinal hull to 3/4 for a rounded bilge; Ac = projected area in sq - : 


aa mo and the transverse impact under the stimulus of a seiche. le 


— 


_ normal to the direction of currents; and P, = total dynamic pressure | in Ib; - 
g/ 


and 


Drag force or frictional resistance of the submerged hull surface 


mayb 


in which R is the resistance in the hull surface area 
in. sq. y Ve represents the current velocity in knots, and f is a coefficient 
depending on length of vessel = 1/100 under ordinary average conditions, 
(©) Transverse impact under the stimulus of a seiche will have the worst 
condition, according to Wilson (8), the ship has a clearance between 
= and the fenders exactly equal to the amplitude of the on-movement, for 
then the impact will occur just as the accelerations of the ship and the water — 
mass reach their peak. This impact is represented by the first term of the 
‘I following equations after Wilson under reasonably simplified set of conditions. 
‘The second term accounts for the additional force of the inward pull of the 
ship’ s bow or stern ropes, if the ship also completes a lunge fore or aft at the 
impact. Combining the two terms, ‘maximum impact force 
transverse ¢ to a quay from a ship lying along the "i li side, D, ofa em ud 


and ‘the maximum impact force < toa a lying along 
the: shorter side, B, of a dock is given 
— 


in which om axis is horizontal porn the long side of the dock; y- axis is a 
_ horizontal at right angles to the long side of the dock; Yo is the perpendicular 
distance” in ft between longitudinal centerline of ship at rest and face of quay : 


“face of the displacement tonnage of the ship; Mx, My 


“a 
j 
a 


“MARINE FENDERING 7 


is an integer defining the nodality of the seiche respectively in the longitudinal | 
and transverse direction of the dock; ie; Ay refers to the maximum vertical 
amplitude (half range) in ft respectively “ the longitudinal and transverse 


sents the "width , or the shorter side, in ft of the dock basin; ».4 denotes the 
fs maximum projection in ft of the bow mooring line along the quay at which the 
. ; + ship is 1 is lying; a and ind P (max. ) is the e transverse | impact force in in nee 
(5) and mass of berthing vessels referr respectively 
: 7 to. the actual displacement weight and the effective mass associated with the = 
aa dust how much of the gross kinetic energy of a berthing ship at a given 
approaching velocity is delivered to the fender system at any point of impact 
depends on how much of the entire mass is effectively acting. When berthing - 
a larger wall-sided vessel, half | (9) of its mass or displacement is generally 
considered active. This is because of a considerable portion of its length is 
- off the same template, the resultant vessel can contact the fender sys- 7 


mass center is free to ‘continue 1 moving, and hence ce only a fraction of the whole 
_ mass is acting. On the other hand, if she comes in parallel to the fendered — 
face, there will be comparatively little load acting per ft run, Thus, if the — 
can resist an end coming in first, it will surely be able to resist 
‘distributed impact over aconsiderable length, 
In the case of an end impact taking place with non-parallel docking ap- 
"proach, the velocity vector (v) normal to the fender face does not coincide 
with the reaction, and consequently only apart of the kinetic energy manifests 7 
as impact energy while the rest rotates the ship to deliver a secondary con- =a : 
tact blow to the fenders, Although velocities witha non-parallel approach | may 
a generally be greater than with parallel approach since in the latter case the 
“ship is usually under better control, the effective mass (Me ) will be much 
‘reduced, If a vertical axis is considered as passing through the point of con- 
tact (0), r is the distance in ft from this point to the mass center of the ship, 
6 is the horizontal angle indeg the line r makes with the front face of fenders, 
pis the mass radius of gyration inft of the ship about 0, and w is the angular 
~ velocity in radians per sec of rotation ofthe ship about 0; then according to the | 
“principle of conservation of momentum,” the moments of momentum instantly 
before and after the contact are almost: to each other. Hence, 


The effective kinetic energy will be 


to 
| 
| 
| 
4 | 
e mass” is given 
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_In case the mass radius of gyration of the ship about her center of eravity 
1/4 of her length (L) and r = 1/3 of her length, @ = ” = ee osha 


For all @ smaller than 27 $ degrees, Me wil be — ‘than M/2 if the ane 
values of P and r remain the same. 
While it is reasonable to take half the mass as acting in the case of wall- 
sided vessels of 20,000-ton class or over, _ the effectively acting proportion 

of the entire mass will increase as the displacement tonnage decreases, and > 

: this proportion may increase to nearly the full mass in the case of — 
vessels of the 2,000-ton class or under, 
: a The belted vessels are generally built more curved in plan and sometimes — 
curved of the whole impact as a 


- they b berth at a much higher speed, thus making their kinetic energy as high — _ 


as, or even slightly higher at times than, a large wall-sided vessel of ten- | 
. (6) Approaching velocities of vessels depend mainly on the methods of 
_ docking, but may be affected somewhat by wind and current. For | ships of © 
10,000-ton displacement or over, in restricted harbor basins where the ship , 
is usually brought in by tugboats, the normal component of velocity may be _ - 
sg low as 0.00+ to 0.25 ft per sec. If there is free approach to the wharf and 
the ship comes in under its own power, the normal component of velocity may - 
_be in the range from 0.25 to 0.50 ft per sec. Smaller ships generally come in — 
at much higher velocities. For coastwise ships of 2,000 long tons or under, = 
rm the normal component of their velocities approaching the wharf may be as" 
2 high as twice the previous figures or even slightly higher, = = | 
-—. oe Warping of vessels into their berths produces a rather indeterminate — 
magnitude of loads, which depend on such variables as mass and velocity of 
berthing as well as the poe piers and fenders. It may be 


sidered.” 


The kinetic energy approach is preferred for evaluating the impact energy = 
fender system delivered by a ship with an approaching velocity to its 
berth and with an added velocity from the waves if there be any, while the a 
- oblique-load approach is advisable for use to appraise the normal and tan 


> _ gential forces due to wind, current, a and oe transmitted by a berthed 


The Kinetic Energy Approach. - —In this method, the magnitude of the 
mpact | energy is evaluated by the basic “equation | 1 of kinetic « energy. Let Ww 


7 _ and can resist a much greater localized reaction than a wall-sided ves 
ho pring from niag: de onsen ently not onl: they 
= 
— 


of in tons; = vector of ship’ s velocity 
“normal to the face of the fenders, in nfps; = kinetic. energy in ft-lb. Then, 


E.=5 Mv = 2,240 =34.8Wv- . 
whose evaluation depends on the selection of the maximum weight of ship, her 
effective mass acting, and her approaching velocity which in turn depends on 
the methods of docking as stated under “approaching velocities of vessels.” 
In case of surge motion in progressive waves and also for the case of 
transverse impact of ship’s approach combined with effects of a beam sea of. 
either progressive or standing waves , according to Wilson (16), but using — 
more simplified notations, the kinetic energy (K. E.) may be expressed by , 
increasing the transverse velocity of of the approaching ship by the added ve- 7 


in which V is the transverse uniform velocity of spgreethk in ft per sec; vo 
; -¥ denotes the added variable sway - velocity in ft per sec due to the wave; and 
represents the virtual mass, the mass of the by the — 


effect of displaced water, which is given by 


in which B is the length of the b beam. inf aft, , and D D denotes the draft in ft. For 


‘open structure and transverse “approach combined with a p 


beam wave, V’ is ‘defined by 
kB) 


cosh 
which is s angular frequency = = d denotes wave depth, in ft; s 
__ represents clearance under the — keel , in ft; k is wave number = 2 m/wave 
length; cs is phase number; and V’ becomes maximum when sin 6 = 1. Eq. 15 
for _ does not apply to the case of a solid structure where the waves reflect — 
and form a standing ‘wave system. By applying specific values, the Sway 
locity, the virtual mass, and hence the kinetic energy may be determined. 
(2) The Oblique-Load this method, the normal and tangential 
components of wind, current, ; 
face may be ovammated by the formulae given under “ ‘variable design factors. 7 
‘current forces makes with the normal to the fender face, N = the normal — 
component ir in and T = the tangential ‘Component in kips, then ‘ta 


+ R) cos 


in which N is the normal or transverse will flexural 7 
t that. 


i 
TF 
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of and tangential acting on the 
of a timber-pile fender system, take a freight ship of the 20,000-gross- -ton 
©, class whose overall length is 700 ft withher parallel wall-sided length 610 3 
beam 100 ft, draft 35 ft, loaded to 86% of her displacement capacity, approach-_ oe 
_ ing her berth at 1/2 fps; and during the berthed period, there is no Sas 
_ gseiche despite wind at a velocity of 100 mph at a height of over 100 ft above ~ 
; the water surface, , and current at 2 knots, while the area above waterline © 
normal to the wind is equal to 14,000 sq ft, that below the waterline normal 
_ to the current 18,000 sq ft, and @y = 0°, 6, = 30°. From Eggs. 1 to 3, the wind 


= 0. 100) - (14) = 643 ues 
Po = 5.7 (0.88) (2)? (18) (0.8 866) = 361 (0. 066) = 313 


= 643 + 313 (0. 866) = 914 kips 


= 60", Ae 


ps 181) s sin = 436 


lateral or normal load, 
_ The kinetic energy of the said berthing ship, assuming no surge motion, is 


8(5 5) (20,000) (0. .86) (5) =74.8ft-kipp 
2, 150- -ton vessel berthing with an velocity of 1 may de- 


rey 


a there were a normal fender | which are com- 
; pressed by d in. and the impact load increases from zero toa maximum no 
the impact load load (Nay,) w would be givenby 
= 898/d kips, and Nmax. = 2 Nay. = 1,796/d kips. 
When d = 114 + in., pret. ~ 160 kips. If there are 8 in 140 ft, 


ped 


Eq. 17 ean oon be valid if there is direct compression. When the impact 
is by internal strain energy due to and shear , the 


| 
= 
| 
and the may be 
and the lateral load per lin ft of berth= 914/610=1.5kips. 
— 
7 


method given later under “Basic Relations of 


Either the ‘oblique-load or the kinetic- energy may be further 
facilitated by referring to established design-load practices and by formulating — iva 


_ design energy criteria; the latter is preferred when fender piles are propor-— 


tioned directly by their strain-energy capacit 


7) Lateral or Nor mal Load. —In the previous example, the evaluation e 


r ‘vidio a vensit of 14 kips per lin ft of berth, This figure may be accepted as 
the usual load for the design of conventional-type timber-pile fenders for : 
general-purpose wharves, quays, piers, and jetties for berthing general cargo 
> ships. But at the outer ends and at exposed corners of water-front facilities, 


- . larger “concentrated loads may occur as a result of approaching impact and 
warping loads of vessels moving into theirberths. 
For practical design purposes in the U. Ss. Navy, the Bureau of Yards and 

a Docks has found that satisfactory results” are achieved by using a uniform — ; 


_ lateral load against the fender system for various = 


Class of of ship Ib) 
destroyers, other 


smallcraft 
_ Cruisers and Cargo ships 
‘tom and escort carriers: 


It may be noted that the — load eee in the previous ¢ example for 
_ _ freight ship agrees well with the Bureau’s established value for c: cargo ships, 
there is no appreciable seiche. 
In cases where no pertinent data are available for computing the a 
‘te. and where an equivalent class of merchantman for which the water- panel 
4 facility is to serve , can be ascertained corresponding to a class of ship desig-— 
nated by | the Bureau, its established values Ss may b be e accordingly used as the — 
minimum for sake of expediency. his. 
& tangential or rubbing load is found to be nearly one-half of the maximum _ 
lateral or normal load. In cases” | where ‘no pertinent data are available for 
= the tangential or rubbing loads, they may then be taken at least as- 
_ one-half of the Bureau’s established values for lateral loads. 
Kinetic Energy. —In the previous example, the evaluation of kinetic 
energy > that may be delivered on a fender system by a freight ship of the 
000-gross-ton class loaded t to 86% of her displacement with half of 


— 
q 
a 
: 
| 
| | 
— 
— 
re _ The Bureau considers that these values are adequate at locations where 
locity is 60 mph here th t in 
— _ the maximum wind velocity is over mph and where the currents are in ‘ 
— % excess of 2 knots. When the maximum wind velocity is 60 mph or under, the _ : 
 «§ a: Bureau suggests that a reduction of 20% may be made in the values of lateral _ 
4 


_ ft- kine. . The same energy would result if the ship were fully loaded with a 
. her mass acting and approaching at a lower velocity of about 0.46 fps. | 
It ‘has also ‘been shown that the same energy will result for a 2. 
class ship with all of her mass acting, approaching é at a higher velocity of 1 
As the: impact energy is proportional to the square of the approaching 
locity, the energy level will increase considerably if the velocity is only - 
4 slightly increased. ‘Using the data for the 20,000-ton class ship of the previous 
/ example, _ the energy level would be tripled if the approaching velocity were _ 
only increased to 0.866 fps. As the _ approaching velocity should be under con- | 
trol and it is uneconomical to design a water-front facility and its fender 
ES for uncontrolled accidental energy levels, it will be reasonably con- 
servative to ‘design the conventional-type timber- pile’ fenders for berthing 
ships 2,000- ton class to 20,000- ton class to resist a normal 


a “TABLE ENERGY 7) 


Ship =| ~—:1,0000runder 
2,000 to 20 ,000 


2 
Class 000 to 20,000 
smaller vessels a the 1,000- ton class or under and to express these energy 


levels in different practical units for convenient eee, a ‘schedule is — 
t TA. 
BASIC RELATIONS OF ENERGY ABSORBING CAPACITIES 


a The ener energy absorbing capacity of a fender system is is measured by the total 


as diagrammatically shown in Fig. 1. They are : (A) cantilever type, = 
(B) rigid-wharf type, and the (C) jetty type. The main internal strain energy 
in all these conventional types is that due to bending for long fender piles. 
But as shear always occurs simultaneously with moment by virtue of the re- _ 
lation d M/dx = §, its internal energy ‘should not be 


Contile ver Type: 


a 
Pile } 


er 


Fend 


level of " 


Q 
= 
' 


Sheer 
ear 


Level of 
Moment 


TYPES OF CONSTRUCTION : 
a, 


AME | devel Resisting Moment 

[ ce 


_ whenever higher accuracy is desired. Let et 


= concentrated lateral load in kips acting on, or distributed to, each _*s 
fender pile at the ‘point as assumed for each type o of fender system as 


piles "whose om area is Lmitea, ‘especially 


f. a length in ft of fender pile, between load and fixation level for the 7 


ss gantilever type, and between points of Support t for rigid-wharf a and 
 fettytypes, 
= 


= vertical distance in ft from top maent to point of of septication of of the 


load for the rigid- wharf type. 


H s horizontal reaction in kips” (denoted in B) 

4 ee + vertical distance in ft measured upwards or downwards from the ~ 


= of zero moment; ‘positive, if associated with positive moment; 


= maximum resisting moment required in kip-ft_ of each fender pile. 


moment in kip-ft at any ‘section of each fender pile 


shear in kips at section of each fender 


Ee. = Young’ s ‘modulus a of elasticity of the fender-pile material, in kips per 7 


of rigidity the fender- pile material, in. ied 


= moment inertia in ft4 of the cross section of the fender r pile about A 


plane of — 


abe cross-sectional area in sq ft of each pile. 
= W = total internal strain energy of each fender pile as represented ed by its 7 


wi = internal + work in ft-kips of each fender pile due to flexure. _ 


maximum flexural stress of fender pile i kips per aq! in. 


if _ volume of fer fender pile in cu ft for length L. 7 


— 
| 
7 
per 
ze 
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+ 


® 


for Type B 


im 


for Type C, the general strain sited equation ee: be written for alltypes a as 


which x = a, B, , or y which are parameters on 

- Ba For Type B, in order to secure the maximum num capacity of internal — due 
to shear, the value of preferably be arranged that 


Pa 
Gan. 


For wide- flange steel fender when f is expressed in kips per in. 
and M,, I, A, c (most remote fiber distance from the neutral axis, r i> 
of gyration about x-axis), one Ay | of web), in units of kips and ft, 


— 
* 
4 
dy 
(39) 
to be noted that We = 
4 
&g 
ty 
J 
7 


— 3, 460 Vi Vy 


all wide-flange ‘sections, both (r/e)? Ay /A lie within narrow ‘anges. 
_ the case of 12-in, wide-flange sections, (r/c)2 has an average ™ of ‘ 
07 718, and an average value of 0. 256. ‘Taking | these values, 


fo = 2 per sq in, for 3, 000- -psi concrete, “20 kips per sq 


= = 0.875, k = 0.375, j k/2 = 0.164; and if M, and b are ‘expressed in units of 
dj 


ant 


TG 
G \ 
29, 32, an and the total internal strain energy 
wide - flange - - steel, square - reinforced - - concrete, and square - timber, _ 
‘ender pile within the loaded vertical span (L). In each case, the first term 
represents the internal work due to flexure and the second term that due to 
shear. Only in Type A, and only when timber piles are used, P/A= = average 
unit shearing stress; while in all other cases P/A is merely a factor of the 
internal due (to shear. implications of these formulae throw the 
ollo wing ng s tha ave not been we -recogniz zed heretofore: 
followi idi “lights that h t b ized heretof 
(1) In a conventional-type fender system to resist a certain 


impact energy appraised as kinetic energy delivered by a berthing ship, the - 
most direct way is to provide the totalinternal strain energy (W) of the aaa 
piles” within allowable working stresses equal to or not less than the 


total internal ‘Strain | energy is ‘in whole directly proportional the 


and fr 

— 

| 

av 
— 

— 
> 
| 
7 

— 

ji. For square fender 
4 q 

— 


= 
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proportional to 2/E and 1d (P/A)2/G, in which A. becomes Aw in wide-flange 

(3) The parameter x x is dimensionless and when a= = L/2,K = Y for 


B and Type c, Type A is only for ‘guide piles and ferry 


values of V, f2/E, and (P/A)2/G. They are not favorable in wide-flange steel | 
~Piles” for v is the least; least favorable in reinforced concrete piles for the 


ratio {2/E is the least. "Southern yellow pine and Douglas fir piles are more 1 


TABLE 2,—MECHANICAL PROPERTIES OF STEEL, 


— 


om 
Modulus Modulus of Allowable Stresses 


Material 


ASTM A36 steel 


Reinforcement 


(3, 
‘psi, 10) 


‘Dongen fir 


Southern y 
pine (long leaf 
a or short leaf) > 


favorable than piles, as the ratio io 12/E is much larger 
for the same V. Greenheart fender piles have the greatest internal-strain- _ 
_ energy capacity, for they have all the required qualities, = Bi le 
‘These statements will become evident after we have assembled : and derived 


MECHANICAL PROPERTIES OF STEEL, "REINFORCED CONCRETE 


of material according to its properties to best suit for its 


- a purpose and environmental condition is an essential part of an appro- — 


priate —_— In Table 2 are assembled mechanical al properties of ASTM- A36_ 


4 
— 
ps. 

| (W) within the vertical span (L) and sutton. the 
j chemical damages will have the gr 

“1,000, 1,000 |Bending| k per sq | Grain 
: | 418 | 1,320 190] 1,2 > 
1,600 | 230 100 14,4 1,762 0185 
| 1,600 | 230 | 100 | 14.4 | 1.762] | 
For transient impact, this allowable value may be increased to 2.64 ksi. 

i 

q 
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3 ,000-psi concrete and intermediate reinforcement according to cur 
standard design specifications, _ Moduli of rigidity of steel and in ag 


which = Poisson’s ratio = 0.3 for 0.1 for concrete. 
stresses in flexure and shear for the new ASTM A36 steel are each increased 
by 10% from the 18 ksi and 11 ksi used for ASTM A7 steel, = =| — 
Test results of modulus of rigidity of timber in shear are meager. This” 7 
modulus must be associated with shear deformation in one of the 3 mutually | 
perpendicular planes defined by the L (longitudinal), (tangential), and 
(radial) directions and with shear "stresses in the other 2 planes. Forest © 
Products Laboratory of the U. S. Department of f Agriculture recommends (12) 
approximate values of G, 7/Ey, = 0.06, GiR/EL = 0.075, and Gpr/Ey = 0.018 © 
for common species having no specifically tested values. For Douglas fir, 
southern yellow pine, and under average ‘service conditions of 


with basic extreme fiber stress in bending at 2, 000 psi, basic proportional e 
limit of extreme fiber stress in bending at 5,200 psi, and basic compression 
a perpendicular to grain at 210 psi, all reduced by 12% allowing for knots not | 
a over 14 in. in size, and without reduction for decay hazard or moisture con-— - 
dition as only treated material will be used, The reduced proportional limit — 
of extreme fiber stress in bending is 4, 580 psi. For triple- energy-level design - 
pene transient impact, the allowable meant fiber stress in bending may be | 


"increased t to 2.64 ksi, which at fr from | 
MECHANICAL OF GREENHEART a 
Mechanical properties: of greenheart (Nectandra Rodioei Schomb., Ocotea 
of Demerara, Guiana, as tested by five different labora- 


_ As moisture content has a pronounced affect on the mechanical properties” 
of | ‘timber and as greenheart will be used untreated, it becomes desirable to 
arrive at its allowable stresses at the re-saturated condition in service. The 
natural fiber-saturation point for most timbers is at approximately 30% 
- moisture content at which the free water inthe cell cavities has been evapor-— 
ated and the cell walls are still saturated. On further air-drying, more mois- _ 
ture content will be lost. But after installed as fender piles, the untreated | 
_ greenheart, which is naturally dense, will become re-saturated ata certain 
‘moisture « content. For determining allowable | stresses, this may be taken at 
‘95% (though the actual moisture content under partially submerged conditions 
may be more), for toughness or shock resistance also increase with 


increase of moisture content. hate 


— 
a 
— 
| 
sa 
= 
3 
4 
an 
- 
| 
a 
— 
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MARINE FENDERING 
Modulus of elasticity of greenheart under versus moisture 
7 is plotted in ‘Fig. 2 which gives 3,200,000 psi as the modulus of elasticity at 
25% moisture content. This elastic property appears as a denominator in nll 


- variation as it would then increase the en ergy 
_abosrbing onthe unsafe side,” — 
 ‘Static- bending stress at proportional “limit versus moisture content is 


"plotted in ‘Fig. 3 which — 14,550 psi as the static- -bending stress at pro- 
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2. FLEXURE VERSUS MOISTURE CONTENT 
DEMERARA GREENHEART (NECTANDRA — 


limit corresponding to 25% for 
_ variations, a reliable proportional limit is found at 12,000 psi. Using a factor 
of safety of 1 2/3, an allowable flexural stress of 7,200 psi may be safely 
used for transient loading. Further reducing this | | value to 9/16, we get io 
allowable static- bending stress of 4,000 psi for long-continued loading. As 
are subjected to transient nature, for 


| 
> 


triple-energy- -level designs, ‘flexural: ‘stress of 
«6, 900 psi is recommended, This is arrived at in the following way: Bie a: 


sete accident-impact- energy level of 225 ft- kips is set at three times the | 
d 


esign-impact-energy level of 75 ft-kips. As the major part of the internal | 
strain energy is due to flexure, within limit, things 


Moisture Content in Percent of Oven-Dry Weight 


4 FIG. . 3. _—STATIC-BENDIN an STRESS AT ATP PROPORTIONAL LIMIT V VERSUS $s MOISTURE 
CONTENT FOR DEMERARA GREENHEART (NECTANDRA RODIOEI SCHOMB) | 


7 


in 


stress. If greenheart fender piles are stressed in silane at just the safe pro- Fig 
portional limit of 12 kips per sqin. when subjected to accident-impact-energy _ 


level, ar ~ allowable working stress at aetna energy level must be 1 not 
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ee gives only 4 values of stress me greenheart at elastic limit in 

component perpendicular to grain under static bending. From these, an aver- | 

age of 2,110 psi is obtained coreenpenting to an average of 27. 1% moisture 
Again” by allowing 17 % for variation and using a safety factor of 

4 2, a transverse shearing unit stress is arrived at 1,040 psi which is raised 

to 1,100 psi as allowable for the assumed moisture content of 25%. — : 

ae Compression ‘perpendicular to grain of greenheart is useful for designing 

fender-pile bearing on wales. Its test values at proportional limit in Table 3 :. 

are too scattered; their average value is 2,240 psi corresponding to an aver- I 

age moisture content of 25. 1%. By taking 2,250 psi as the value at 25% 1 mois- i 

ture content, allowing again 172 $% for variation and using a safety factor of © 

14, the allowable compression perpendicular to grain is arrived at 1,110 psi. 

mechanical properties of greenheart relevant to fender-pile 

‘re- -saturation moisture content of 25% as follows: 


Modulus of Rigidity 
"Safe Static-Bending Stress 
(ong- -continued loading) 
Allowable Bending Stress 
3 for Triple-Energy- Level 
Design (transient 
Allowable ‘Transverse 


| SIMPLIFIED EQUATIONS AND RELATIVE MERITS 


extreme fiber stresses in bending, simplified equations and comparative re 
sults of internal-strain-energy capacity per fender pile for different materials 
are obtained, as shown in Table 4 and further extended in Table 5. 


An "examination these tables will at once reveal the 


ran 2%; and ot substituting the recommended ‘values of moduli of elasticity and 


(1) Fender piles of the ‘Same material but of different Sizes, such as shown 


for steel and greenheart, have -internal-strain-energy capacities almost in. 
direct proportion to their volumes or cross sections for equal vertical length 

— Q) Reinforced-concrete fender piles of the same overall dimensions as = 


steel and timber have the least internal-strain-energy capacity. Either _— 


12,0000 
3%. 
— 
ele St ard a Tits of dif- 
ferent materials for fender piling, consider wide-flange steel sections and 
‘Square sections of reinforced concrete, Douglas fir, southern yellow pine, 
|. ay and greenheart according to already derived Eqs. 29, 32 and 35. By dropping, &§ 
these equations, the last terms representing internal strain energy due to 
i 


LE 4,—SIMPLIFIED EQUATIONS AND OF 


F 
Material L = sof ft | woer F Pile (ft-kips)- 


ASTM A36 steel 240V/(10)° (12 WF 199 | 4,69 
12 WF 65 | 


Douglas fir or south- 


Greenheart __ 


limit 


Ve 


TABLE 5. _-COMPARATIVE — IN ENERGY-ABSORBING CAPACITY 

"Material anc and Size Energy 
of Fender Pile  |Strain En- Capacity Fender bind 
_jergy Capa-| Versus | Piles 
Greenheart to Resist 


city at Al- 
lowable | of Same 
3 


| od 
wees 


Yellow Pine 


kK per sq in, 12 x 12 kips impact 


_k per sq in, 12x 12 


4 


 Greenheart At f = 


sq in, a") 


Ww 3 
+t 
= 
| q 
Ft-Kips Length — 
— ot Suitable 
| 
. 
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7 om may be ye unsuitably c crowding | or omen size would be too. big. They a are 
too rigid for the required resilience, may cause fear for bumping, and result 
_ in casting off. Furthermore, they do not have a well defined proportional uimit “ 
and hence are unsuitable for the triple-energy-level design to provide a high a 

aecident-impact-energy limit, = 
, Po (3) Greenheart fender piles of the same overall dimensions as other ma-_ 

; terials have 1.3 times. energy-absorbing capacity as the heaviest 12 WF steel 
sections, 3.7 times as the lightest 12 WF steel sections, 31 times as 1 rein- 
forced concrete, ‘3. 4 times as Douglas fir and southern yellow pine. Mae oh 

) Steel-wide- flange sections, though high in allowable flexural stress 
are low in volume, and hence low in energy-absorbing capacity. On the — 

a hand, reinforced concrete, though high in volume, is low in concrete flexural 
stress, and results” in low energy-absorbing capacity. When it has sufficient 

L energy-absorbing capacity, it will damage berthing ships coming with high : 


a energy at 6 900 psi and triple- design-impact energy at its safe ~ 
: portional limit of 12, 000 psi in the examples ‘computed for Tables 4 and 5. a 
‘This provides a wide range to avoid any, except unexpected, damages. i 
ee (6) Internal ‘ nie energy due to shear may be neglected in all cases of 
_ three- figure accuracy, though it becomes significant in wide-flange steel 
8 sections. Those who _ carry to four or more significant figures should not 
neglect this energy for reason of consistency y rather than absolute necessity. q 
_ (7) Table 5 has been computed for a 2,000-ton class ship with only 150-ft 
= parallel wall side. Fender piles, if adequate for this length of contact, will 
be safe for larger ships with longer contact lengths, approaching at ower 
velocities and not with full mass acting. 


WORKING siliniaen AND EXAMPLE FOR ROUND FENDER PILES ema: 


- _ For round fender piles of treated timber or untreated greenheart of aver- 


age diameter ft onl convenience of and vertical span 


© 


(39) 


(288)? 
as fir and southern ea 000 ksf, and f = 2.64 ksi 


— 

4 

2 

— 

q 

— 

Therefore 

— For Dougl 

For greenheart with E = 461,000 ksf, and f = 6.90 ksi fom transie 


W = 0.0692 V. (42). 
in which W is in ft- and in cu ft 
— ‘illustrate the simplicity in the application of Eqs. . 41 and 42, let the 
impact energy be 75 ft-kips, vertical span of fender piles between supports — 
50 ft, and available average diameter of piles 12 in., ——— 
ar 
= 0.0892 (50) 7 = 3.50 ft- kips 
of piles required = 22 


if the shortest class of ship that may berth alongside has a parallel wall side 


2-1 
CONCL CONCLUSIONS NS Avi 
ie This paper has demonstrated, in particular, the development of the o oper-_ 
ative energy concept in marine fendering, the soundness of its basis and appli- 
cation, the appraisal of impact loads and impact energy that may be delivered 
by berthing ships, the evaluation of internal-strain-energy capacity of cmc 
is the determination of mechanical properties of greenheart and the corre- 
lation of them relevant to triple-energy-level fendering design, the relative 


: of other materials versus greenheart when used in fender piling, the — 
- simplicity of the working formulae and their ease of application. © ae 
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WATERWAYS AND HARBORS DIVISION 
Proceedings of the American Society of Civil Engineers 


ECONOMIC EVALUATION | OF OF INLAND WATERWAY. 


ASCE, and Eric E. Bottoms, 2 


— 


Basic data requirements for the economic evaluation of waterway 7 


‘To facilitate further study of the subject, an 1 extensive chronological bibli- 


ography pertaining tothe economic of waterway is included. 


INTRODUCTION 
It said that the of navigation economics involves much re- 
search intothe prevailing pattern of commodity production and marketing, the 
7 factors controlling distribution, andthe past, present, and indicated future eco- . 
‘nomic activity of the entire region. The basic objective being to determine from 
the public viewpoint whether the transportation service provided by improve- 
_ ment for navigation will be beneficial. The service is considered beneficial if 
ad it results in transportation at less total expense than that of equivalent trans- — 
portation inthe absence of the project. Four pr‘iucipal types of benefit are con- 
sidered in the economic evaluation: improvement of operating conditions for 
- existing navigation; provision of more economical transportation; : stimulation | 
of new commerce; and economic and social This paper briefly 


___Note.—Discussion open January 1, 1962. To extend the closing date one 
& written request must be filed with the Executive Secretary, ASCE. This paper is part 
of the copyrighted Journal of the Waterways and Harbors Division, eee si of the 
- American Society of Civil Engineers, Vol. 87, No. WW 3, August, 1961. ——ss 


Cons. Transp. and Hydr. Engr., Mobile, Ala. 
2 Civ. Engr., Arlington, ail 
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pe "presents ‘the writers’ views on these basic omer and suggests that construc- 
i tion costs now assigned to ) navigation | improvements inherently include those 
which should be assigned to public conservation of the water course; - no part q 
of the paper is tobe construedas official statements or opinions of any govern-_ 
mental or other body with which the writers now are or may have been connected ty. 
except as may be specifically cited herein. . e 


the Great Lakes. grog ‘of the | groups prepares original and complete studies 
on cost-benefit evaluation forthe improvement and extension of various water- 
ways. Each of these groups have their methods and practices which they use 
indeterminingtotheir satisfaction the economic feasibility of the improvement 


‘Studies favorable for development and improvement demonstrate by various 


means the ability to provide more efficient and economical transportation in in 

comparison with alternative modes of transport. Such studies usually begin “/ 
with an accurate determination of the economic region tributary to the — 

project. . Consideration is given tothe evaluation ofall effects of a project, 


ae VV 


tangible and intangible. No one has, however, a specific “formula ” for estimat-_ 
ing the benefits of a waterway improvement. Such benefits are appraisedon = 
basis of (1) detailed studies | of traffic that may be expected to use the water- 
way and (2) transportation savings that will accrue to the public. oo Generally 


these savings are computed as the difference between the transportation charges | 
to the ‘shipper or consignee of shipping over the waterway and that over the = 
least expensive alternative. Currently, consideration is being given by trans- _ 
: — economists to determining navigation benefits on the comparison o 
. Rate comparisons, 
less, wails still be | necessary to > appraise the | attractiveness of the waterway to 
the shipping public in order to estimate the prospective tonnage which would _ 
be attracted to, or generated by, the less expensive water transport; the use 
_ of the long-run marginal cost of providing the service would indicate the eco- 
Thus the writers believe that future recommendations for improvements to a 
inland waterways might be based on the comparison of both rates and costs: - 
: Be projected use of the waterway ° would Be estimated on the basis of onal 


ternate routes; and the over-i -all economic gain to the nation would be measured 


_ by the savings inthe long-run ‘marginal costs of transportation over the water-— 
as Compared tothe long- run marginal costs over other media or alternate 


- ‘fit that will inure to the nation as a whole, the use of a waterway does not de- 

~ pend on it but rather on the immediate benefits that may be derived by t those 

to whom the improvement will be directly available. It seems that the volume 
of commerce that would be moved over a waterway is not induced by what 


= 
— 
q 
= Many agencies and organizations have functions of varying importance inthe 
| 
4 
¢ 
the carrier totransport it, but what it shipper or con-— 


‘signee to have the freight moved trem to the 
analyses which determines the value of a waterway project certain basic data ; 


BASIC DATA REQUIREMENTS | 
In order to determine the economic justification of an inland waterway im- 
"provement, a great deal of basic data must be collected. Statistics are required — 
on existing commerce, equipment used, population and production inthe region, — ; 
natural resources, carrier operational costs, freight rates, etc. . Some of these 
data, particularly those pertaining to operation costs for bargelines, and truck- _ 
lines, are difficult to secure because of their confidential nature. Usually gov- _ 
 ernmental regulatory authorities and commissions have much useful data in 
> their files and public reports. With all the data available, the evaluation of ; 
4 navigation benefits is dependent, nonetheless, on the ability, knowledge, experi- 
4 


— 


ence, and understanding of engineers, economists, , and their assistants a 
in the techniques of collecting, as well as interpreting and analyzing the essen- 7 

. tial traffic data relevant to the different media oftransport. = = =~ 

Water Transportation.—Data are required on the present commerce, the 
direction of movements, type of commerce, , the trips and drafts of vessels us _ 
ing the project (actual draft of water craft, not the designed maximum or mini- | 
_ mum draft). Point-to-point movement by commodity is required because line- 
haul costs are reflectedtherein andthe movements are comparedon an equiva-— 

lent basis with the costs or charges of alternate forms of transport. To obtain 2 

® necessary data when a new waterway improvement is under investigation, — : 
acomprehensive fie field survey of the area expected to be affected by the improv 4 ; 
"ment is made in order to obtain the information. In the United States, the vol- - 
"umes of past i and commerce, commodity movements, and the 


4 “Habed by the Corps of Engineers, U.S. Army. ‘Data’ are also collected and pub- 
_ lished on ports andterminal facilities, and the nature andamounts of commerce 
handled through individual ports or : at individual port- -handling facilities. The — 
Maritime Administration of the U.S. Department of Commerce issue statistical 
information on domestic oceanborne Great Lakes commerce of the United States. 7 
‘The Bureau of the Census of t the same department issues Statistics on the for- an 
eign» waterborne commerce of the Great Lakes area. Further statistical data 
as well as descriptive material on shipping activities on the Great Lakes are 


‘the various railroads are published annually by pal Bureau of Transport Eco- _ 7 

and Statistics of the Interstate Commerce Commission. 
_ Motor- Truck Transportation. —Transportation | ‘statistics for motor- -truck 


| 

| 

: 

_ ments are required wherever it is possible for a navigation project to serve © : oy 

ny - _ aterritory which is, or can be, served by railroads, and if it is found that rail 7 : 

is the next lowest expensive carrier for the transport of freight. 
_ Whenever possible, point-to-point movement by commodity is securedforthe 

comparative analysis of transportation via the considered water route. Data 

Treightmovements are needed whenever truck Competition with waterway move- 


WW 
ment — and if | analysis | _— that cost of motor-truck movement is 
_ the next lowest in expense when compared with waterway movement. | Specific ’ 
motor-truck transportation statistics, particularly point-to- -point movements, 
are difficult, if not impossible, to secure from any central source. Effort is 
_ made to obtain locally available data pertaining to motor-truck movements with- au 
in the region in which the economic justification for an inland waterway im- — 
provement is under consideration. General data on operating revenue and ex- 
_—penses, ton-miles, and investment for the regulated carriers are published © 
= by the Bureau of ‘Transport and of the Interstate 
Pipeline Transportation. are secured 
whenever itis apparent that movement by pipeline is in actual or potential com- — 
petition with the inland waterway route under investigation. The large volume 
- of fluid commodities which can be handled by pipelines gives them a favorable 
‘position to compete with inland waterway improvements, and in some cases 
= pipeline transportation rates and the total through charges from point- 
to-point are lower than what the considered inland waterway could provide. — 
_ This is particularly true | in the c case of of “big- inch” lines operating between 1 pro~ 


. Frequently, however, the shipper cannot meet the minimum tender re- 
quirements of the pipeline company, and he “mace it economical to use — 


transportation on the inland waterways. 


While volume of movement may dictate the choice on the one hand, capital 
bs investment may reverse the case on the other. A large refinery on the Ohio _ 


River found it more economical to invest in n afleet of towboats : and barges” rather 
- a pipeline. This c company has” a large- volume movement of crude oil, on on 
regular schedule, from a port on the lower Mississippi River to its refinery, 

a - a situation ideally suited to pipeline movement. Nevertheless, the company | 
_ found that a much smaller capital investment in a fleet of towboats and barges 
proved more economical than the construction of a pipeline, despite the large 

{ volume of movement involved. The experience ofthis company indicates first, — 

; . necessity for a thorough investigation and development of transportation — 


information and statistics, even though it might appear obvious that pipeline 


_ _ movement would be more economical than barge movement, and second, that 


way improvement ‘under investigation. Data on 1 operating re revenues and expenses, 

mileage, barrel-miles, and investment are issued annually by the Bureau : 

Bi = Economics and Statistics of the Interstate Commerce Commission. 7 
Vessel-Types - - Barges. .—The appraisal of the need and value of any pro- 
posed navigation improvement involves a thorough analysis of the various types, 

: sizes, drafts, barge formations, and operating characteristics of the vesels 

presently using or potentially tending to use the inland waterway under consid- 
eration. Usually two questions may arise for determination: (1) whether the 
existing facilities are adequate for the accommodation of future 


sign and size of barges the considered inland waterway improvement is justi- 
fiable inthe interest of present and future commerce. Information relating to 
operating performance and: expense of operation, as a rule, can only be a 
investigation or inquiry from individual barge operators. 


tr towboat required to move the | —— number and formation of barges o over 
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on.—The essential estimate of the prospective waterwn waterway traffic in 
specific | commodities should be preceded by a comprehensive analysis of pro- 
duction, supply, and demand, in order to provide the basis for establishing the | 
total tonnages that may be accepted as contributary sources of the prospective _ 
movements. Only through results of such analyses can the most dependable ~ 
A tonnages be selected for estimating the probable transportation savings cred- 


-_itable to the projected improvement 


A waterway improvement may be either greater’ or less than the local demand. 
4 Thus, information on production and consumption is useful in judging the ex- 
tent to which tonnages are available for movement into or out of, as well as 
within and through the reach ofthe waterway. Data inthe following paragraphs 
indicate the nature of the basic information helpful in establishing a basis for : 
judging the probable volume of traffic to be considered in estimating the _ ps 
1. Agricultural.- —In an agricultural ‘producing region, a fora 
a seated corresponding to the amortized life of the waterway improvement can | 
_ be made of farm production and of sales, the sales being the potential source 
of traffic. It is important to distinguish between production and sales, as in 
some regions only a small percentage of —. is soldwhile in others the 
x _ Industrial requirements for agricultural products in the region when meas- ~. 
_— 7 “red against corresponding farm sales; ascertain the extent to which these re- 
4 preference shown for products from other regions eve even 1 though there is a local 
_ supply. The extent to whichany local supply runs short of local demand is usu- 


4 ally indicative of the prospective inbound tonnage, and, conversely, any excess 


* of local supply over demand constitutes a source of prospective outbound traf- 


An agricultural region usually requires a supply of fertilizers which consti- 

_ tutes another source of prospective inbound traffic. While available statistics © 

4 indicate that but little mixed fertilizers move by barge, the separate ingredi- 
ents do move long distances thereby. Local plants prepare the mixture suit- — 

able for the region. Principal ingredients are those which supply nitrogen, 

_ phosphorous, and potash, oe each of these general categories. may consist of 

. Petroleum. —The ‘supply and demand criteria previously cited | apply 


4 ducts. Both highway and off-highway uses should be considered. , To estimate 

the potential tonnage for highway use in the region, probable motor vehicle 

registration through the use of projected population and the number of persons 

“per vehicle considered can be used as a basis. In establishing future vehicle 

7 registrations the analysis is guided by past registration in relation to popula- | 

> tion and by changing technological conditions . Non-highway uses include those ~ 

for farm implements, railway diesels, motor vessels, aviation, construction, 

> industry, commerce, and domestic consumption. It has been found that the es- 
_ timate of non-highway use of petroleum products usually can be based satisfac- a 

_torily on past between and non- usage with 1 recog- 
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Forest.—In an undeveloped area, the prime commodities for outbound 

— barge traffic may be the products of forests. The same general type of ana- o : 


basedon supply : and demand, extent t of the and projected trends 
= applied todetermine the volume of timber which canbe consideredas pro- 


spective commerce. The timber from the forest area would be compared with © 
other sources of similar material which could serve the same consuming cen- 
; ter. Ownership of the supply may determine whether or not the product will — 
_ move to consuming centers other than those owned or controlled by the same 
= interest. If the prospective movement crosses a national boundary line or be » * 
- export, the movement may depend on existing international relations = - 


ee Mineral.—The basic information required for the development of an in- 
land waterway to service a mining region involves the determination of reserves, — 
prospective discovery, production, rate of depletion, and quality of products. 
™ 8=6 fan undeveloped region has only mineral resources, its tapping by an inland ia 


waterway would form an integral part of the development. All costs probably — = 
_ would be amortized over a selected — of time but in no event longer Gen 


development. , Each situation has to be judged on its own merits and the over- : 
all economic justification determined accordingly. 
_ Industrial Requirements. —The information required for the provision of a a 
waterway to serve a new or an expanding industrial district 


md the facts that are normally considered for plant locations with respect to = 
and outbound transportation. inland waterway barge service would be 
one of the important factors. Where giant heavy industries are located beyond 
- the head of present sea-vessel navigation, upstream extension has come tothe ~ 
“then suchas the improvement of the | Delaware for navigation from Phila- 
an = ransport Media Available.—Basic data on transport media available in the 
region of the projected waterway include an inventory covering all types of _ 
aon of te their lines and mileage, together with complete description of — 
their capacities, , dependability, and costs of operation. It is important to note 
which will compete with, andwhich will be tributary to, the projected waterway. 
Rail- -Carrier Operating Costs.—The term costs as used herein refer to long- 
run marginal cost, not the chargestothe shipper or consignee. Such rail costs" 
_ have not been available and so rail rates are usually used in comparison with f | 
Pipeline Operating Costs. —These costs can be determined by an engineer-— ZZ 
i ing study of the construction and operating cost characteristics. Rates are 


published by some lines and are e suitable | for comparison w with rates by other — 


Costs.—For-rent charges or rates from representative truck com- - 
= are suitable for comparison with rates by other media . Actual trucking — 
costs or probable rate for movement of a commodity can be determined to a 
|—_eneeable degre by computing the expense for a hypothetical operation. If 
= required terminal handling expenses are not available for the operation of 
- or public terminals, an equipment andtime study will reveal fairly rep- 7 

7 resentative figures. “These expenses are an essential part of providing com- 
plete service by water carrier for comparison with other transport media as 

_ the major portion of inland waterway traffic neither originates nor terminates | » 
directly at waterside. terminal facilities shouldbe modeledtofit the needs 
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“Terminal “waterway in the United States are of 
three general types with differently adaptedhandling: 
1. Public, both general merchandise a 
ay 


a 2. Semi- public, providing limited service for transfer of certain classes of - 


freight usually inspecific volume. 

a Private, limited to the handling of basic commodities needed by owner- — 

The infinite variety of size, capacity, equipment, and uses to which many 
terminals are placed necessarily involves a wide variety of rate or charges. , 


Computed terminal charges should include every item of outlay which the <a 


erator must recover in order to conduct the business on a satisfactory basis. : 
Reasonable depreciation charges, taxes for general functions of governing bod- 
ies, adequate insurance, and a return on the investment sufficient to — 
capital should be included. The computed rates to be useful must reflect sea-_ 

sonal operations, based on actual rather than theoretically attainable conditions, — 


a The guiding principle in benefit evaluation is to handle each problem on its 


own merits andapply the most realistic procedures as the 


lar circumstances may demand. 
Value of Service.—Little commerce will move by water-carriers when it 


can move by other means at equal costs to the : shipper or to the consignee. ee 
Therefore lower charges are necessary to make water transportation attrac-_ 
tive tocommerce moved by other modes of transport. The differences in charges a 
_may be regarded as a “value of service.” _ This factor of value of service can ’ 
Bonet be taken into consideration in the process of eliminating items = 
prospective waterway tonnage which show a smaller saving per ton than the 
amount estimated as necessary to attract the commodity to water transporta-_ 
tion. . The value of service factor is usually recognized in the elimination of 
t tonnages of barge-adapted tonnages: in recognition of the preference of shippers | 
. services of those landcarriers with whom they have close financial and com- 
___ CAnterest Rates and Tax Factors. — Both land and water carrier | charges’ in- 
- = — in general, items to cover necessary taxes and interest at commercial 
: rates. . Annual carrying charges for federally provided inland waterway im- 
_provementare based on a lower prescribed federal interest rate and do not in- 
g Brow taxes. Thus, the comparison of annual benefits, , computed as the differ- 
: ence between charges by land and water carrier, with the annual costs for = 
waterway improvement may seem to produce a questionable ratio. As an at 
tempt to reach afair economic comparison with private transportation media, _ 
use ofa non- -federal interest rate and the full normal tax at a rate experienced — : 
tax paying owners, was recommended by the Presidential Advisory 
on Water Resources Policy in 
a as It is considered doubtful if inclusion of taxes would bring about any substan- 
a - tial change in the ‘competitive relationship between land and water carriers 
_when allaspects involved in are considered. In addition to 
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igational benefits, it is it is believed, that th the eee to states, 28, local communities ae 
he private interests, and the general public, of inland waterway improv ement, — 
brought about by expenditures charged to navigation, usually far outweighs the — 
: proportionate revenue from any taxes that might be assessed on, or hypotheti- 
cally assigned. These | ‘economic and social benefits created by waterway im- 
- provements, over and above the purely navigational benefits, if evaluable in 
= terms, might increase the monetary benefits of the improvements. 


Po snail beside operation and maintenance, interest and amortization on the in- 
vestment over the project life, a period usually taken at 50 yr, both at the pre- 
scribed federal interest rate. The interest rate used fo for the non-federal por- 
tion of the project costs including amortization, | are usually based on the aver- _, 
_ age long-term cost of money in the project area. 
_ _ Adverse Effects.—All effects from provision of a navigation improvement 
«are, in general, evaluated and included in the economic analysis in order to ey) 
determine the true worth of the proposedproject. Sometimes insufficient rec- a 
ognition is given or allowance made for predictable adverse effects or“induced 
costs” of the proposed improvement on other means of transport. netloss, 
if any, due to displacement of competitive transportation by diversion of traf- 
‘ “tie to water routes is sometimes given consideration in determining the net 
benefits available for project justification. In populatedareas, account is taken, ‘@ 
in the economic analysis of the harmful effect on the flow of overland traffic 
by delays and obstructions created as a result of bridge clearance and opera- — 
tional requirements for navigation. 
Closed Season.—Generally the deficiency of the ¢ closed navigation 
‘ae as on the St. Lawrence Seaway and the Great Lakes, is considered to be 
offset by the practice of shipping during the period of open navigation large 
nies of commodities in excess of immediate requirements, and stockpiling 
the excess forfuture needs. Most waterways have the ability to absorb a large 
¢ expansion in traffic volume with little ort no ) increase in cost, an ability not 
of transport will increase their charges during closed seasons, 
’ — of increased cost, but because of lack of competition. — 


Potentialities are recognized i in the evaluation of navigation 
_ include the increasing population, andenhancement in the ‘standard of living, or 
at least the maintenance of the present high s standards, which creates an in- 
creasing demand for new and better products, and in turn a parallel Sadia: 
, in the economic methods of production, marketing, and distribution. The fact — 
ia that water transportation has proved in these activities to be the least expen- 
_ sive mode of heavy transport, presents an ever increasing demand for disperse- 
ment of industries along the waterways and an accompanying growth in water- 
af borne commerce. The significance of these factors is translated into long- : 
range predictions of growth of waterborne commerce. 
i> A broad perspective of the potentialities of water transportation is neec needed 
7 when determining the economic justification of waterway improvements. ua = 
18 tal en has been, and is expected to continue to be, progressive, in order to 


meet future requirements of public for an efficient, cheap transportation 


we service which = arise from an ever increasing population with increased — 
purchasing power. Itis probable that inthe years ahead waterways willassume 
=e an ever more important role in the transportation system of all countries. 
Incremental Savings.—When improvement of existing navigation facilities 
* is being ssi the effect such improvement might | have on equipment oper- 
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ECONOMIC EVALUATION 
g benefit evaluation, it is the made savings | in time that are usually taken 
a into consideration. Minor savings in time : are of questionable value and are | 
= usually disregarded unless available data fully substantiate the reality of the 
 —— If the navigation improvement would permit light-loaded barges to 
carry full loads and thereby accomplish the transportation of the commerce in a 
_ fewer barges or trips, the saving involved is credited to the improvement. 4 
Induced Costs.—It appears that because suitable techniques have not sn 
_ developed, little more than lip service is made for predictable adverse effect 7 
a or “induced costs” of proposed improvements on adjacent waterways and other — 
"transport media. The purpose of providing inland waterway improvements is ; 
to create new or navigation facilities from which benefits not pres- | 
ently available to the « shipping public may be derived. Justification for inclu- 
sion of benefits from the provision of additional or improved facilities should 
: include a an exhibit: of net benefit . expected to be realized from the proposed ae 


ties. Itis important to recognize inthis connection not only the adverse effect 
by uneconomic duplication or displacement of navigation facilities on adjacent _ 
See but also the deleterious effect that may result to regional trans-— 


ways. The net loss, if any, due to displacement of facilities of competitive. 
forms of transportation by the diversion of traffic tov water r routes should be 


given en adequate consideration | in determining the net benefits available for pro- | 


portation from the indiscriminate development of unneeded and competing water- 7 


I Benefit evaluation practice should also recognize the deleterious effect t on 


te bridge clearances andoperation requirements for navigation, as well as the 
cost incurred in ‘providing clearances: ‘req uired now and in the future 
_ These various induced effects or or costs are sometimes termed indirect costs 
or negative benefits. Monetary costs should be included for inducedadditional — 
i expenditures by local interests in capital equipment, , labor, operation, and main- 


tenance as negative benefits in computing the net benefits. 


a trace further negative benefits or induced costs, the following n may be | 


. Increased overland transportation cost p per due to 
volume caused by diversion of traffic to water carrier. = 
fk Taxation loss on existing overland carriers or competing facilities due 
_ 3. Taxation loss on security holders due to reduced dividends as a result 


“of: reduction in net ‘revenue of overland carriers. perationand 


a Public loss due to rate increase by existing carriers for operation and 

_ Benefits” of all types resulting from an it inland waterway improvement are 

usually evaluated and included in the economic analysis in order to provide a 


_ complete and realistic presentation of the worth of the proposed improvement. 


the allocation first cost and the allocation of annual cost 
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involving flood control, sete. the provision of an 
whether by channel only, canalization of exist 4 


a 


ee maintained inland waterways are bed and bank stabilization, “mini- 

of erosion, deposition, and sediment transportation, and in some meas- 

- also flood relief and runoff equalization, all contributing to the strengthen- 

ing of the water resource base on which the economy ofa nation rests. If - 

_ servation so derivedwere tobe executed in a any event, then the first and annual — 
— costs chargeable thereto should be deducted from inland waterway costs. The © 
-_ equitable share of improvement cost andannual cost chargeable to inland water- 


ways should be the remainder after all other c cost have been 


‘made. 


__ the principle that the benefit per cost ratio should be greater than one, has — : 
a regarded and us used as a measuring stick for the economic justification of | 
inland waterway projects. two or more alternative projects for achieving 
the game result have been studied, then the project scheme which results in 
the highest benefit-cost ratio should b be the most economical, , provided each 
has” been estimated on the same uniform basis and no intangible benefit-cost 7 
aa could outweigh the tangible benefit- cost ratio. It also re f 
an equivalent benefit would be impossible to achieve at | lower cost. 


a: “Report by the (U.S. ) Presidential Advisory Committee on Water Resources a 
Policy,” December 22, 1955; (2) “Integrated River ‘Basin Development,” Re- 
port bya Panel of Experts, United Nations Department of Economic and Social — 

_ Affairs, November 23, 1957; (3) “Cost Allocations for Multiple Purpose Pro- 

- jects,” an Engineering Manual of the Corps of Engineers, U. S. Army, January a 
* 1958; and (4) “Proposed Practices for Economic Analyses of River Basin 

- Projects,” "a report to Inter-Agency Committee on Water Resources by Sub- ¢ 
committee on Evaluation Standards, May, 


and ante and with due consideration of all intangible cling al tangle costs, f 


has been in both the United States and abroad for lack of n more 
"aul _ Normally, an inland waterway project st should not be undertaken unless the 7 
4 benefit-cost ratio is greater than one. * However, if intangible benefits or costs 
' should prove to be of substantial significance, the ratio must be weighed against 
such intangible values in the final decision, 
~ In comparing the benefit-cost ratios among alternative projects that would a 
achieve the same results as an inland waterway, not only alternative waterway 


-veyors shouldalso be considered if appropriate and if the intended 
tion is for special bulk fluid or solid commodity. In such cases the project that 


gives the greatest benefit-cost ratio isthe most economical, although not nec- | 
the most desirable. 
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ECONOMIC E\ EVALUATION 
within the inland waterway project itself, the inclusion or omission of any | 
feature, such as cut-off or straightening, the extent of fairway width and depth, © 
the height and location of dams, the dimensions of locks, and the extent of navi- 
- gation aids, etc., should be weighed against present and future needs, . and in 
_ addition, justified by the benefit-cost ratio for each separate feature such that _ 
4 nofeature should be over or under projected beyond the point where the bene- a 
fits added for the last increment are equal to the cost of its inclusion, or the — 
_ benefits ‘Seereneet for the last decrement equal to the saving of its omission. i 


Ca 
For those interested in the further study « of “Economic Evaluation of Inland | 
Waterway Projects,” a selected bibliography on both old andcurrent literature _ 
has been compiled, beginning in 1874 through most of 1960 ) with one entry dated 


1961. _ There are 220 entries inthis bibliography, arranged chronologically as 


1. Wi Windom Committee— “Transportation Routes tothe Seaboard”; ; Sen. 


: 2 Leader- Williams E.: “Under What Conditions is the ‘Construction of Ca- 


nals for Bringing Oceangoing Vessels to Inland Ports Justified from an 


Point of View ?” Cong. de Nav., 1888, 
fort, Germany. 

3. Jeans, J. ‘Stephens: “ 


fluence’ of Railways andCanals”; Cong. International de Nav. , 1890, 


4, Lewis M.: “Do Railways?” Engineering Mag., 


Alexander: “On ‘Utilization of Water and Rail Routes in 

their Competitive Influence: in Reducing Freight Charges”; 


World’s” Wat. Comm. Chicago, 1893; Boston, Damrell, in 


y 

6. Waterways Commission—“ Report;” Sen. ‘Dov. 
60/1, 1908; U.S. Government Printing Office. (Contains Gallatin anal 


Av Average Speed and Cost of Moving ‘Freight by Railroad by Cana 


Engineering News, Vol. 61, No. 13, Apr. 1, 1909, P.347, 


Between author(s) and 


is used for single exclusive publications, 
monographs, book: books, ete., and 


*:” for those in — proceedings, Weneaelenn, etc. 
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"National Waterways Commission—‘ ‘European Waterways” and “ “Royal 


Commission on Canals and Waterways; ” ” Doc. 7, July, 1909; . S. Gov- 


= Waterways Commission: “The Improvement of Inland Water-_ 7 
. ways; _a Consideration of the Relation between Railways and Waterways aa 7 
; 7 and the Improvement of Inland Navigation in the United States”; Engineere 


ay ing News, Feb. 3, 1910; Engineering Mag., Mar. 1910, PP. 918-920. 


10. “Cost of Rail and Water Transportation”; Railway Age Gazette, om 


|. National Waterways Commission—“Railway Freight: Rates, Rates, Inland Water 
ways, and Canals in Belgium"; ; Doc. 20, 1911; U. S. Government nent Printing 
Office, 
12, National Waterways ‘Commission—“Propos ed Canals Connecting Lake 


_ Erie with the Ohio Riber and With Lake Michigan”; Doc. 21, 1911; U.S. _ 


13. “Cost of on the Erie Canal and by Rail”; Bul. 21, Bureau 


of Railway Economics; Ry. Age Gazette, Nov. 24, 1911, No. 21, P. 1066. — 
(Giving a: an analysis andestimate of cost of transportation | on the Erie Ca- 
nal, seeming to showthat it is more expensive to send goods by the canal - 
‘ “The Economics of Canal Transport”; Engineering, Sept. 26, 1913, P. 429 


15. Aeworth, , W. N.: | Forward Canal Policy; Its as Justification” a 
Assn. for the Adv. of Science, Birmingham, 1913, PP. 577- -578; 
London, 1914, J. Murray in 8. cal 
nian and the Cost of Carriage Problems”; Engineering, = 25, 1916, 
i 129; Mar. 3, P. 203 (letter); Mar. 10, P. 239 (letter). 
1921-1930 


Production”; 1926; U. S. Government Printing Office. 
(19. ‘Williams, M.N.: “Does the New York State Barge Canal Pay 2?” Engi- 
20. Young, Mz Maj. Gordon a, “Economics of Waterway Depar Department”; 1 


Engr. Sch., Ft. Humphreys, 


Larkin, Maj. T. B.. “Economics of Water ion”; 1927; Engr. 


22. Moulton, H. G. ( Pres., Inst., ‘Washington, D.C. 

Features of the Proposed St. Lawrence before e the 


ffic Club of Chi 21, 1929 
raffic Club of C cago, Mar. 
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Maj. Gen. T. Q. (Pres., Inland Waterways Corp.) —“Accountant 


_vs. Engineers, Disclosed and Hidden Costs of Inland Waterways Corpora- 
24. “Relation between Rail and Waterway Transportation: - : A Symposium”; 
 Trans., ASCE, Vol. 95, 1931, Paper No. 1779, PP. 861-950; 1st Part, 
se Transportation from the Viewpoint of Operation,” by T. Q. 
am Ashburn; 2nd Part, “ Railways versus Waterways: An Economic Com-_ 
7 parison, ” by Cornish, L. D.; 3rd Part, “Relation between Rail and Water. ‘ 


wa Transportation,” by E. A. Hadley. 


-President’s Committee on Water Flow—“Development of the Rivers of 


United States” ; House Doc. 395/73/2, Ss. Print- 
ippi 


River System” Trans. No. ing S. Government Printing Office. 
‘Li, Shu- t’ien (Editor- in- -Chief) —“ “Hydraulic Problems of China”; 2 Vols. 
937 , + 521 PP., Including all large navigable rivers and the 
Grand Canal, and their improvements | for navigation; Commercial Press, 


28. 


Hall, C. rovement”; Trans. As 
Vol. 103, 1938, PP. 1527- -1578, = 


‘inaianite Aspects « of Flood Control: A Symposium’; ; Trans. “ASCE, Vol. 
1938, PP. 551-719, Paper No. 1933, w/disc’s.; ond part—“Problems 
in Developing a National Flood Protection Policy,” by Abel Wolman, , con- 
tains Financial Aspects; 3rd part—“The Economic Aspects of Flood Con- 
trol,” by Nathan B. Jacobs, contains “The Distribution of Costs” and 
; “Benefits of Flood Control”; 4th part—“Flood Conditions in inNew E England,” 


by W. F. Uhl, contains “Economics of Flood Control. 


‘a. “Water T Transportation versus Rail Transportation: A Symposium”; ; “The ; 
‘Value of Water Transportation,” by Rufus W. Putnam; “The High Cost of 7 
Inland Water Transportation,” by S. Wonson; Trans. ASCE, Vol. 103, 
1938, PP. 1279-1333, w/disc’s 's. 
4 32. *. Se Harold: “The General Welfare in Relation to Problems of ‘Taxa Jil 


tion and of Railway and Utility Rates”; ; Econometrica, Vol. VI, July 1938, 


— _ MacGill, Caroline E.— “History of Transportation in the United States be- 

Subcommittee of the Committee on the Judiciary, U. S. Senate—“Petro-_ a 


Divorcement. Mar. & Apr. 1938, 75th Cong. 
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gust, 1961 


Engineering Economics and Public ‘Works: Symposium”; “Advantages 
of f Orderly Planning,” by Frederic H. Fay; “Influence of Public Opinion,” 
by Daniel W. Mean; “Hazards of Uneconomical Construction,” by Henry 
Riggs; “An Appeal to Reason,” William J. Wilgus; ‘Trans. 


National Resources: Committee— “Letter dated 16, to Presi- 


_ of the United States”; House Doc. 178/76/1; (Recommends Pres. © 


request ICC to ‘Teview s Rept. on Lake Erie-Ohio 


Icc- “Report, Relating to the. Lake Erie-Ohio River Canal Report of the 
Engineers”; House Doc. -178/76/1; Rept. No. 235 (Requested by 
‘Pres. Roosevelt a Suggestion of the National Committee), 


3, 1939. 


940 
39. “Tyler, M. C.: a Transportation”; Trans. ASCE, Vol. 105, 
1940, PP. 167-195, w/disc. on “Costs, and Earnings in Relation to Costs, 
of the Erie Canal, and Its Replacementas The New York State Barge Ci Ca- 


“The Transportation Act of 1940”; Conferring to the ICC the responsibil- 


41. Subcommittee of the Commerce, U . 8. Senate- 


ay Amend the Interstate Commerce Act as to Pipe Lines”; Hearings, 
& June 1940, 76th th Cong., 3d Sess.; U. 5S. Government t Printing Offic Office. 


Problems” 1940; U. S. Government Printing Office. 


wuss Li: “Development of ent of Transportation tion Systems in in the United 


States” ; Unpub. .about 1940. 


Whittaker, Edmund—“A History of Economic Ideas ; 1940 1940, PP. 


of Il 


listorical ‘Development of ‘Transportation in 1 the 


- Williams nt 
‘United States.” 5.” May 1941 (Mimeo), 
Board of ‘omen for Rivers and Harbors—“Terminals and Landings — 
onthe Inland Waterways of the United States, Description and Locations”; 
5 Vols . (out of print), Miss. R., 1941; Ohio R., 1942; Trib. of thee 


1942; ‘Trib. of the Miss., ., 1942; & Intra., 1942. 


46. 


[a jj. 35. Propeller Club of the United States—“River and Harbor Improvements”; _ 7 
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ECONOMIC 
; 1941; 


Kelso, peak versus Railways”; Econ. ‘Rev., | Vol. 


49. House Committee on Rivers and Harbors—“Trinity River and Tributar- 7 


Hearing, Oct. 8, 9, 10, 1941, 1st Sess.; U.S. Gov- 
ernment Printing Office. 
Bullinger, C. -E.- “Engineering Economi 
Faison, H. R.: “Waterway the War’; Jul 


ASCE, Vol. 107, 1942, PP. 871-924, w/disc. 


National Resources Planning Board— and National Poli- 
ey”; May 1942; U.S. Government 


54, Beare of Investigation and Research—“Report on Interterritorial Freight 


Rates"; House Doc. -303/78/1, 1943; U. S. Government Printing Office. 


55 . Middleton, P. Harvey—‘ ‘Transportation— Prewar and Postwar”; 1943; 


«#56. Parker, B.: “Allocation the Authority Pro- 


58. Teal, J. E. 1. 108, 1943, P of in the United States” Trans., 


in purpose Projects” ; Trans., ASCE, Vol. 108, 1943, PP, 353- 364, 


_ National Productiveness”; House Doc. 137/78/1, 1943; U. S. Government 


Printing Office, 
60. "Board of Investigation and Research—“ ‘Rate-making and Rate-publishing 
’ “4 Procedures of Railroads, Motor, and Water Carriers”; House Doc. 363/ 


E.— 
dustrial Traffic Consultant, ‘Nashville, Tenn. 


62. Faison, Haywood R. _—“Justification of Projects 
Ba. Engrs. for R. &H., Washington, D. ~ 
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Bd. Engrs. for. R. & H. Washington, D. 


64. Board of Research—“Comparison of Rail, Motor, and 
Water Carrier Costs”; Sen. Doc. 84/79/1, , Sept. 1944; U. S. Government 


65. “1944 Flood Control Act”; Public Law ms 534, ‘18th Congress, approved 


+ Board of Investigation and Research—“Public Aids to Domestic Trans- — 


67. Investigation and Research—“Relative and Fitness of 


the Carriers”; Sen. Doc. 79/79/1, 1945; U.S. Government Printing Office. 
68. Boardof Investigation a and Research—“Economics of Iron and Steel Trans- 


; Sen. Doc. -80/79/1, 1945; U. S. Government Printing Office. 
of and Research—“ “Economics of Coal Traffic Flows”; 


se _ and Other Relationships between Tennessee and Cumberland Rivers and 
between Their Drainage Areas”; House Doc. | Ss. 
ernment Printing Office. 


Morgan, C. _—“Regulation of Domestic Transportation Water”; ICC 
»®. House Committee on I Rivers and Harbors—“Rivers and Harbors B Bill”; 7 
= Hearings, Apr. & May 1946, -Cong., 2nd Sess.; U.S. ‘Government 
73. fry on Subcommittee on Transportation of of f the C Committee « on ong 


Association of American Railroads — —“Transportation in in America”; 1947. 


6. Millett, John D. —“The Organization of Government Plan- 
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Cong., 2nd Sess., 1946; U.S. Government Printing Office. 

74. Talmadge Jr., George E.: “Water Transportation under Regulations”; 
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‘Report ( Providing a conservative basis for the benefit-cost ge Adbog in 


78. “Tentative Report « of Committee on Cost Allocation for 


79. = Knappen- -Tippetts - -Abbett Engineering Company—“ Engineering and Eco- 
or —_ c Report on Lake Erie-Ohio River Waterway”; Nov. 1948; New York. 


Sue we 


Sub- on. Benefits and Costs— -“ Proposed Prac- 
ae tices for Economic Analysis of River Basin Projects”; Commonly known > 
as the “Green Book,” Adopted by the Fed. Inter-Agency R. Basin Comm. - 
7 on May 25, 1950; Rept. tothe Fed. Inter-Agency R. Basin Committee con- 1 
sisting of CofE, USA, Dept. of Interior, Dept. of 


Commerce, and Federal Power Comm. 


Sub-Committee on on Domestic Land and Water Transportation of the Com- 
mittee on Inter-state and Foreign Commerce, U. S. Senate— “Study of 

Land and Water Transportation” ; 81st Cong., 2nd Sess. 

¥ 


- “National Water Policy-A Statement of Desirable Policy with Respect te 


the Conservation, Development and Use of the National Water Resources” 
Preparedunder auspices of Water Policy Panel of Engineers Joint Coun- 


83. James W.: “Government Water Re Resources”; Am. Pol. Sc. 


Rev., Sept. 1950, PP. 649; A Symposium Containing: “Congress and 

Water Resources, " by A. A. Maass; _ “National Executive Organization — 

_ for Water Resources,” | by Gilbert F. White; “Valley Authorities and its | 

_ Alternatives,” by Charles McKindey; and “Water Resources and s and Ameri- 
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84. ‘Hall, Charles L.: 


Meyer, Alexander Markowitz, R. Faison, ‘Malcom 


“Multiple- - purpose Reservoirs, A Symposium’; with discussions— -Trans., 
: = Vol. 115, 1950, PP. 789-908; 6th part, “Application of General 
_ Policies when used for Irrigation,” by ‘Wesley R. Nelson, containing “Al- 
location of Costs for Altus Project in Southwestern Oklahoma onthe North | 
Fork of the Red River; “Storage Allocations in Acre-feet, with Cost Dis- | 
tribution for Rio Grande Project in New Mexico and Texas”; “Columbia cs 
Basin Project in Washington State, Cost Allocation and Benefits”; > and 
“Boulder Canyon Project Adjustment Act Revision of Repayment Plan in 
Relation to Lake Mead and Related Projects”; 7th part, “Coordination 
ce the Electric Utility Industry,” by J. B. Thomas, containing “Esti- x 
mated Costs of United States -purpose Dams, Electric 
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Power and Financed by Federal 1 Funds’: 13th part, “Summary and Re- 
_ view of Principles,” by Raymond A. Hill, containing “Economic Factors © 


Determining (of purpose Rese Reservoirs in | Relation to to 
Costs,” and 


. President’s Water Resource Policy Commission—' “A water policy for the 
_ American People”; Vol. I, General Report, Dec. 1950, 445 PP. , Ml, Pl, 


Maps; Cat. No. Pr 33.12: w29/v. 1. U. S. Government ‘Printing Office. . 


87. President’ s Water Resources Policy Commission—“Water Raaeneees 
laws’; ; Vol. III of Report, 1950, T7717 PP.; Cat. on o. Pr 33.12: 12: w29/v.3 3; 

“Prince, Gregory S. —“Federal P Policy Relating to Inland Waterway, Trans- 


1. Becht, J. Edwin— “Commodity Origins, Traffic and 


to Chicago via the Mlinois ‘River Carriers’ Association of 
Chicago, 


a: Rates in Relation to Building of ‘New York State as Canal, ” Pp, 866. 7 


4 93. Maass, Arthur—“Muddy Waters, The Army Engineers and the Nation’s i 


Engineers Joint - Council—* ‘Principles ofa Sound National Water Policy” 


95 Hardin, John R.: “Waterway Traffic on ‘the Lakes” Proc.; ASCE, 
- Sep. No. 83, Aug. 1951. 


‘Vol. Proc. - 


Transportation” ; 82ndCong., “Ond ‘2nd Sess., , Mar. & Apr. 1952; 


3 Engineers Joint Council—“ ‘Statement before Subcommittee to — Civil 1 


‘(Paley Report) ; Vols. I June June 1952, 


Nevard, J “Coastwise and Inland Waterways: s: A ox of 
a Transportation” ; Trusts and Estates, Vol. 91, P. 430, June 1952. ‘ead 


= 


> 
ae 
— 
69. Sub-Committee to Study Civ orks (Jones Committee) —"study of Civil 
Hearings 82nd Cong., 2nd Sess., 1950, 693 PP.; U. S. Govern- 
90. Weber *(Cjivil Works Ad istration Proiect Formulation Justi_ 
— 


ECONOMIC EVALUATION 
Waterways s Operators—“Inland and Produe- 
101. Marshall, A.—“Principles of Economics” (contains principle of oii 


«consumer or producer surplus) 8th Ed., 1952; Macmillan Co., New York. 7 
102. House Committee on Public Works—“The Civil Functions of the Program 


the Corps of Engineers” (Jones Report) ; House Committee Prints No. 
24, Gand Cong., 2d Sess., Dec. 5, 1952; U. S. Government Printing 
Office. No. 21 “Civil: Funetions Program of the Corps of Engineers"; 


“Report of the Chief of U.S 1951, Civil Works 
tivities” ; Part 1, Vol. 1952 (Containing Corps Reply to the Jones Com-_ 
“mittee Rept wherein. pro- -rating and double counting were an major criti- 
cism of the Corps’ benefit estimating procedures) ; U.S. Government 


104. “Bureau ¢ of Budget, Circular No. A- an"; Dated 31 Dec. 1952; Reproduced 


a of the ‘Chairman to Members of the Senate Committees on Interior and 
oa Insular Affairs, and Public Works, 85th Cong., 1st Sess., Committee Print 


No. 4, May 14, 1957; U. S. Government Printing Office. “een 
105. Report tothe House on Appropriations, from the Subcommittee 


2nd Sess. (1952), on “Missouri — 
River Channel Stabilization and Navigation Project” als also 
hearings); U. S. Government Printing Office. 


Development of Water 

= and Related ‘Land Resources”; ‘Excerpts from the C Cong. Rec. House, Jan. 
107. “Public Improvements— Their costs and ; Reapproved with 
visions 1953”; AREA ‘Manual, Vol. I, Chap. 25, Part 1, PP. 25-1-1 to. 

“— 25-1-3; also AREA Bul., Vol. 36, Nov. 1934, PP. 238 ff.; Proc., Vol. 36, 

meted 1935, PP. 238 ff., and 1045; Bul. Vol. 54, No. 504, Nov. 1952, - 529-530; 

Proc., 1953, PP. 529 ff. and 
Proc., 1983, PP. 629 ff. and 1305. 


Basin Survey Land and Water 1 1953. 953." 


(109. B Blee, Cc. E: “Development « of the Tennessee River Waterway”; Trans., 


ol. 953, 2647, 


110. Ls. “system of Waterways at Chicago, Illinois” Trans., 


Vol. CT, 1953, Paper 2652, PP. 1205-1214. 
Bowman, James S.: “Multipurpose River Trans., |, ASCE, 


112. Chorpening, H.: “Waterway Growth in the United Stat States” 
Vol. CT, 1953, Paper 2643, PP. 976-1041.” 
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Ct, 1953, Paper 2648, PP. 1147- 1162. 


Dann, Alex W. and Jansen, Carl B.: “River Transportation Development” 


-Trans., ASCE, Vol. CT, 1953, Paper 2649, PP. 1163- “1170, 


m, U. S. Department of Commerce, Office of Transportation—“Charges for 


tles”; ; A staff study of the involved in Federal user charges; 
116. Dupree, M. C.—“The ‘Importance of to the Petro- 


i leum Industry”; 1953; ‘Ashland Oil & Refining Co. 
Hartley, William L.: “Belt (Conveyor Transportation” Trans. ASCE, 


i Vol. CT , 1953 on 2642, pp. 961-975. (The largest project of belt — 
6 conveyor proposed is from Lake Erie to Ohio River and may be consid- 


ered as an alternative of the Lake Erie-Ohio Canal Project. ) 


118. Feringa, P. A. and Schweizer, Charles W.: “One Hundred Years of Im- 
sy provement on Lower Mississippi River”; Trans., ASCE, Vol. CT, 1953, 


119, Dow Chemical C Co.- _ “Water Dilutes Freight Costs” '; Chem. W., Vol. 73, 


120. Fai 

Proe.; ‘ASCE, Vol. 79. Proc. - Sep. No. 318, Oct. 1953; Discussions by 

_— a Duane Orr, L. P. Cookingham, Marvin B. Marsh, Owen G. Stanley, H. Ww. 

7 Schull, Jr., N. C. Magnuson, Braxton B. Carr, G. E. Childe, Francis J. 

N. R. Graham, ant by the author, Proc. 80 


Projects”; Letter to John Taber, 4 Jan. 1954. 
Corps of Engineers —“Ohio River Project Information for Task 
7 
: Feb. 1954, unpub. 


“Cost Allocation”; Statement dated Mar. 12, 1954, setting forth the man- 


121. Corps of Engineers—“Economic Justification of ‘Waterways and Harbor 


upon andadopted by representatives of the Dept. of the Interior, Corps of 
Engrs., and the Federal Power Commission, on Mar. 2, 1954, approved — 
by Under Secy., Dept. of the Interior, ov Mar. 19, 1954; U.S. Dept. of the 

124. Mueller, Ralph on the ‘Warrior- -Tombigbee River Sys- 

Proc., ASCE, 80, Proc. - Sep. No. 414, Mar. 1954. 

80, 


Pree. Sep. No. 1954. (Contatining a ‘section | on “Economics.” 
126. Water in Europe and the U. A. 1954; United Na- 
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ECONOMIC EVALUATION 
-Kusnets, and Assumptions in Long-Term Projections 
a National Products— Long-Range Economic Projection” ; Studies in in- 
come and wealth; Vol. 16, 1954; Princeton U. Press. sits 


lista: Report of the Chief of Er Engineers, Department of the Army—“Allegheny_ 
and Monogahela Rivers ‘and Tributaries” House House Doc. Aug. 
; 129. Talley, B. B. : “Development of the Delaware River for Commerce” ; 
- Proce. , ASCE, Vol. 80, Proc. - Sep. No. 503, Sept. 1954; Discussion by 
: Charles L. Hall, Proc., ASCE, Vol. 81 , Paper 726, June 1955; Discus-_ 
sion by Clarence Renshaw and closure by the Proc., ASCE, ve. 
82, Paper No. 913, Mar. 1956. 
“Pittsburgh Gets Its First River-Rail-Truck 
News-Record, Vol. 153, 14, 1954. 


Griffin, A. F. : “Canal at Chain of River”; 
Proc., , ASCE, Vol. 81, Ps Paper No 608, Feb. 1955. 
132. Hunt, Eldon V.: “Scope of Pipeline Transportation inthe United States”; 


1 133. Commission on Organization of the Executive Branch of the -Government— 4 
WS - “Task Force Report on Water Resources and Power”; Vol. 1, June 1955, 
ate Cat. No. Y3, or 3/2:8W29/v.1; U.S. Government Printing Office. (In 
——- Vol. 1, PP. 104-110, outline, in brief, the Principles to be applied in de-— 
di termining economic justification of water resources and power project 
8 a and programs. Regarding benefits and costs relating to navigation, the 
ren following is quoted: “Navigation benefits of a waterway included should 
Bie not exceed th the ‘Savings | in transportation c cost m made Possible byt the water- 


—— a) ceed sound value ‘a the services rendered by the improvement. Where 
4 reasonable estimates canbe made of adverse effects on alternate means 7 
See of transportation or on other communities, these should be deducted as 
__ detriments, i.e., treated as negative benefits. The Principles also treat 
aan the Benefit- cost Ratio as a Measure of Economic Justification, ina com- 


«134. Commission on of the Branch of the Government— 


“Task Force Report on Water Resources”; Vol. ‘Il, “Report on Naviga-_ 
re tion”; June 1955, Cat. No. Y3, or 3/2:8W29/v.2; U. S. Government Print- 
ing Office. (In Vol. Il, Appendix N is a brief, but excellent, treatise on 
_ The Lake Erie-Ohio River Canal Project, pointing out the importance of — 
— ICC investigation and report on that project (dated Oct. 3, 1939, No. 235 
ICC), wherein the Commission concluded, in part, that the railroads” 
ans which hadample line and terminal capacity tohandle any and all prospec- 
a _ tive traffic, could ill afford to suffer a _ revenue loss of $35 million © 


more, annually ($100 million in 1959), 


135. Commission on Organization of the Executive Branch of the Government— 


i “Task Force Report on Water Resources and Power”; Vol. Il, June 1955, 
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It, PP. 1321- 1393, contains report by the Hoover 
sion task force administrator, Chas. D. Curran, entitled “Evaluation of _ 
Federal Navigation Projects,” which briefly covers salient economic facts Z 
relating benefits andcosts onthe following projects: Missouri Navi- 
gation Project, The Ohio Navigation Project, The Warrior- -Tombigbee _ § 
‘ia The Proposed Tennessee- Tombigbee Waterway, The Calumet- 
es Project, The Delaware River Project - Philadelphia to Trenton, = 
SacramentoShip Canal, The Upper Mississippi River, The Arkansas Riv- } 


Tributaries, and The Tennessee River.) 

- 136. Li, Shu-t’ien (Chairman, Subcommittee) : “Bibliography Relating to Bene- 

- i fits and Costs of Inland Waterway Projects Involving Navigation”; (1955 z= 
of Subcommittee 3, AREA Committee 25 - and 


G.: 


Manuf. Rec., Vol. 124, Nov. 1955, P. 33. 


138. ‘Presidential Advisory Committee—“ Report on Water Resources Policy, ; 


22, 1955”; 1956; U. S. Government Printing Office. 


House Doc. No. (315 - ‘Communication from the President on Water | Re- 


gation projects reads thus: consideration should 
be givento repayment ofa portion of the costs of new navigation projects, a 


‘particularly those which will create navigability where none now exists, 7 
=34 bythe institution of user charges. . . it must be recognized that the sub- 
a ject of user charges involves not only water policy but also the whole | 
of transportation, many other media. . 


“140. Brookfield, W. G.: “Inland Waterways”; Iron Age, ‘Vol. 117, Jan. 1956, 
Coney Improvements to Navigation” ; Proc. , ASCE, Vol. 
me 82, Paper No. 901, Feb. 1956. (This paper concludes that many naviga- 
_ tional improvements now under ‘consideration or recommended are of 
dubious economic value. Development of economically sound projects 


could be implemented by making user charges at least for main- 


taining and operating systems. 
Gilman, H.: The Port—A Focal. Point”; 


Proce, ASC 


Paper 88 q 


144. -_Harberger, Arnold: “The | Paley Report: Four Years Later”; ; 
; Review and Investment Survey, , Vol. X, No. 2, 1956. — 
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“Criteria for the Selection of Water Resources Pro- = 


. Bennett, N.B.: “Cost Allocation for Multi- purpose Water Projects” 
ae Proc., ASCE, Vol. 82, No. IR2, Paper No. 961, Jour. of the Irrigation and ~ 


Drainage Div., May 1956. (The separable alternate costs, and the mean- 


attached to single- purpose alternate costs, specific and separable 


3 | 
Irrigation and Drainage Division, Nov. 1956. “Proc., 
7 ASCE, Vol. 83, No. IR1, Paper No. 1257, Jour. of the Irrigation : and Drain- 
Division, May 1957. Paper ‘Trans., , ASCE, ‘Vol. 


‘Fogarty, “Benefits of Water Development Projects”; Proc., ASCE, 


it “Vol. 82, Paper No. 981, Jour. of the Irrigation and Drainage | Div., » May 
> 1956. (The extent to which uniform | procedures for analyses of benefits 7 
and costs by water development agencies can be meaningfull is limited 
a. different ent legislative re requirements, project purposes, and types of pro- 
4 


148. McCrone, Willard “Improving the Gulf Intracoastal Canali in Texas”; 4 


i 4 Proc., ASCE, Vol. Paper No. 967, May 1956; Discussions by E. D. 
Bailey T. ‘DeBardeleben and closure by the author, Proc., ASCE, 


} Vol. 82, No. wwi, , Paper | No. 1126, Jour. of Waterways and Harbors Div, 


Power.” (Our Federal ‘Government Appraised by the Hoover Commis- 
- Symposium) ; ASCE, Civil il Engineering, V Vol. 26, No. May 1956 1956, 


150. Rasmussen, Jewell J.: “Economic Criteria for Water Development Pro-- 
jects”; ; Proc. ., ASCE, Vol . 82, Paper No. 977, Jour. of the Irrigation and o 
Drainage Div., May 1956. (Water development projects must be planned ~ 

and their feasibility evaluated in terms of national objectives with que 
given to all the various facets of a project. Certain | 


fic economic must be ) 


1. Storer, Robert W.: : “A Study of Production 2 and Earnings”; ; The e Analysts ° 


(152. F.: “Channel Rut” critique of estimates of change in 
| national product) ; The Analysts Jour., May 1 1956.00 
“153. ‘Admiral Ben: “Our Nation’s Water Policies and 
_ _ Politics” ; A series of 5 lectures givenatthe U. of Chicago, Apr. 10, May 
2, 3, 4, 1956, 266 PP; The law school, U. of also can be pur- 
‘Dist. Engr. Offices—“Engineering Manual for Civil Works Construction, 7 
‘Surveys, ‘General Procedures” "> O. & R. 4202.07 
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155. W. “Merchant Fleet on Ohio River” S. Naval Inst. Proc., 
Vol. 82, June 6, 1956, 625. 325. (Use of | radar— ¢ defense we 


156. Senate Committee and Insular Affairs—“Conservation and 


a . iad, Development of Land dand Water Resources” ; Committee I Print, 84th Cong., 
aaa Sess., 1956; Committee Print 2, 85th Cong., Ist Sess., 1956; and Com 


\seewn mittee Print 5, 85th Cong., 1st Sess., 1957; U. S. Government Printing 


Dorland, G. and Bethurum, Jr., G. R.: “Growth of Commerce: Tennessee 
Cumberland ; “Proc., ASCE, Vol. 82, Paper No. 1061, 1, Sept. 


Sams, “Summary of Report Prepared by ‘the AAR Sag. 
Committee : in Opposition tothe Calumet - Sag Navigation Project”; Proc., 
aa AREA Vol. 57, 1956, PP. 949-952. (The report, in full, was submitted __ 


to U. S. BUR. of BUDGET, Sept. 1954. 


Dornblatt, B. M. (Chairman, Subcommittee): “Current Policies, ‘Prac- 


tices and Developments Dealing with Navigation Projects”; 1956 Report 
of Subcommittee 2, AREA Committee 25—Waterways and Harbors, Col- 

__ laborating with AAR Committee on Waterway Projects; AREA Bull., Vol. > 
: 58, No. 532, Nov. 1956, PP. 498-512; also AREA Proc. Vol. 58, uid 


160. Li, t’ (Chairman, Bene- 7 
fits and Costs of Inland d Waterway Projects Involving Navigation”; 1956 
_ Report of Subcommittee 3, AREA Committee 25 - Waterways and Har- 


- bors; AREA Bull. ‘Vol. 58, , No. 532, Nov. 1956, PP. 512- 2-513; also AREA 


1957, 2-51 
‘Vol. 58, 5 » PP. 513. 
161. Dyer, Harry B.: “Modern Towboat and Barge Design”; Proc., 4 ASCE, 


82, Paper No. 1122, Dec. 1986. 
‘ie Michiels, Charles F.; Lail, William F.; and Mytinger, Robert E.: “Cur- 
ae rent Trends in Ohio River Traffic and — Proc. sete: Vol. 82, = 


‘ 


Mlinois Waterway”; Jan. 25, 1957, 46 PP. 7“ maps, also — 


Bruce, James W.; Keller, Dwight W.; : and Neill, James A.: “Modern 


“No. 1239, Jour. of the Waterways and Harbors Div., “May 1957. 7 
165. Jernigan, Otis M.: “Mississippi River- Baton ‘Rouge to the Gulf of Mexi- 
a ; Proc., ASCE, Vol. 83, No. WW2, Paper No. 1242, Jour. of the Water- 
d Ha b D 1957. 
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_ and Harbors Div., May 1957 


DeWitt “Navigable Waterways and Industrial 
Vol. 83, No. WW2, Paper No. 1252, Jour. of the Waterways — 


Pyburn, 
Proc., ASCE, 
168. ‘Ingersoll Jr., C.: “Future for Barge Transportation”: ; Marine ‘Engr. 
Log | (Yearbook No. .) 62: 231- May 31, 1957. y 
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wat STEEL PILE MARINE co 
Tsar STEEL PILE MARINE CORROSION AND CATHODIC PROTECTION? 


‘By Carter Hale Horton,+ 


Corrosion which occurs on marine structures, andthe of cathodic pro- 
tection to prevent such corrosion are presented herein. Briefly, the corrosion 
studied in this paper is an electrochemical action on steel which occurs only 
in the presence of water, and results in deterioration of the steel. Cathodic © a 
protection is an electrical method of preventing this corrosion, 
‘This paper is directed toward the civil engineer who is concerned with 


; structures ad corrosive environments. The position of corrosion zones —_ 7 


the range of corrosive attack ‘normally encountered. 

a ¢ _ The use of thicker metal sections is presented as well as coverings of 
various types. _ The principles of cathodic protection are given for galvanic 


and impressed current systems. . The various ways of installing anodes are 


How fresh, brackish, and salt water affect the current flow is also included. © 
on Construction considerations show how steel members can be made metalli- 


a: described as well as the affect on the | cathodic protection electrical current. ee, F 


cally continuous so that cathodic protection may be applied. Utilitiesinthe 
area must also be considered. Concrete capping and its extent of coverage is _ 
shown to affect the corrosion rate. . The electrical considerations for cations 
protection, test and 1 ship noted for hazardous locations. 


_ Note.—Discussion open until January 1, 1962. To extend the closing date one month, 
a written request must be filed with the Executive Secretary, ASCE. This paperis part 
“of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the 
Society of Civil Engineers, Vol. 87, No. WW 3, August, 1961. 
@ Presented at the Annual ASCE Convention at Boston, Mass., in October, 1960. we 
1 The Hinchman Corp., Detroit, Mich. 
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STEEL PILE 
ideas for prot protecting and cable are given. Why corrosion on engineer- 
‘should enter into the in the planning stage is is presented. 


_ WATERFRONT STRUCTURES INVOLVED 
The corrosion and its studied herein, 1, applies to 
bridges, and similar structures in which steel members are in contact with 
_ water or soil or both. Usually these steel members are vertical and are driven 
into the earth with the upper part contacting water. The members might ond 
‘sheet piles in a quay wall on perhaps “H” or cylindrical piles in a pier. 
— on Equipment used in construction, such as floating cranes, pile drivers, and 
dredges, are subject a some of the same corrosive influences as the steel 
pilesdescribedherein, 
Corrosion of the steel occurs in four (4) zones. These are earth, water, 
tidal and splash zones. Fig. lillustrates these zones. 
_ The most intense corrosion activity is usually found in the tidal zone where. 
)4 the corrosion rate may be as high as 0.030 in. per yr. (30 mils per yr). 
a A somewhat lower corrosion rate is found in the water or continuously 
submerged zone with rate on from 5 milsper yr (mpy) to 20 mpy. These | 


« ‘pitting corrosion rates which may ‘be from 1. 5to 10 times. as 1s great ; as the uni- 


. The splash zone rate of metal deteriorationis largely dependent | n whether 
there are contaminating agents in the water. For example, clean sea-water — 
will promote its highest rate of corrosion in the splash zone, reaching values _ 
of 15 mpy. If this sea-water is contaminated with oils, , sewage or other organ- a 
— ics, the corrosion will be somewhat decreased in the splash zone due to pro- 

- tective film coatings on the steel surface, and be even lower than the 
corrosion rate in the water or submerged zone. = 
The lowest corrosion rate will usually be foundin the earth zone. However, 

highly reducing soil bottom (anaerobic) beneath highly oxidizing water (aerated) 
can encourage the kind of corrosion which results in rapid metal loss and 

_ Some corrosion also takes place on in anieatenain steel used in concrete 
above the water level. Sea-water salts are introduced into the concrete. The > 

points ¢ of high salt concentration are the anodic sites of corrosion cells. Where 

the sea-water salts are uniformly distributed throughout the concrete, the : 
_: points of highest moisture content become the anodic sites of corrosion cells. 
> If the > corrosion rate of a particular structural member in a particular 
environment can be determined, and if it is possible for the design engineer 
to determine the amount of metal loss whicha steel member can sustain, then — 
an estimate of the life of the member can be made. Often, many assumptions © 
- must be made to determine what metal loss can be sustained. ~~“ wi wenn 
‘In some cases, the engineer may overdesign the structure with the idea 
“that the added metal thickness will add life to the structure. This can be an 


uneconomical solution, may result in costs of at least 35% higher than 
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cathodic: protection “methods controlling corrosion with no wa way 
extending the life, if this is contemplated. 


of the methods for controlling corrosion involve a choice of material 
_ such as coatings, platings, sheathing, or cladding the steel member. Continge 
-may range from paints, enamels and gunite to the new coal-tar epoxy resins. 

_ _Encasement of steel with concrete is also” a common practice. Platings on 
_ steel may be applied using the molten metal and spraying on the surface. 

Aluminum or zinc may be applied inthis manner. 

Sheathing consists of forming a non-deteriorating material onto the steel 
surface and fastening in place. The material might be a reinforced polyester 

_ type of plastic sheeting ora long life metal such as Monel, All joints are made 
_ watertight. In some cases, a mastic may be forced into the space between the 


- steel sheet and i. | ‘Clad materials are usually too expensive to use except 


Up to now, we have been concerned with situations in which corrosion _— 
a and some of the methods of allowing for it or decreasing it. 


‘Cathodic protection is the corrosion of metal in an electrolyte 
“(soil or water) by the flow of direct current through the electrolyte to the metal a 
surface. The current is introduced into the electrolyte by electrically con-— 
_ ductive materials” or by galvanic metals, such as magnesium or zinc. 
a The electrically conductive materials might be metal or. graphite con- 
nected to the positive terminal of a direct current source. The steel to be — 
7 protected is then connected to the negative side, and the steel is under pro- — 
_ tection. The current obtained by connecting galvanic metals such as magnesium > 
or zinc to the steel results in the same electric current effect on the surface 
of the steel, and the steel is again under cathodic protection, 
4g Examples of steel under cathodic protection are shown in Fig. 2. In this © 
_ case, current, furnished by the ‘corroding of the galvanic anode, flows through 
the water to the surface of the steel. At the steel surface, the steel is dis-_ 
7. couraged from corroding because of the reducing environment created by the 
electric current. The formation of alkaline compounds here also creates a_ 
Fig. 3 shows steel being protected by impressed current anodes. The cur- 
rent is furnished by an exterior source of power rather than from a corroding Y 
‘process. The p power is generally from metallic rectifiers. The prevention of 
b corrosion occurs in the same way as with the galvanic anode, by current 
= flowing to the steel surface. In addition, itis possible to have a film of hydro-_ 


og gen formed because of the availability of higher voltages. The hydrogen serves = 
to isolate the steel from the water and, thus, prevent — 
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Sometimes, "several ai are together to to forma string - of 
Fig. 4 shows a typical installation of impressed current anodes protecting 

‘steel piles in a pier. These anodes might be | _— graphite « or cast iron and 
up to 3 in. diameter by 60 in. long, 
Cathodic protection anodes may be either inthe water or allowed 
4 to be the b bottom, If the anode ‘must chose to to as in case of 
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HIGH TIDE 
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—CURRENT 

protection | of numerous piles inapier, the anodes should be | suspended | 
ina string, sausage fashion, parallel to the steel surface. This will give the 
most uniform current density. If the anodes are to be placed near the foot of the 
pile and on the bottom, the current density on the steel will not be as uniform 
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“when it is possible to place the anodes remotely from the steel surface, 


| as in the case of ¢ a quay wall, the anode may be either suspended or laid on the 


for anodes placed on the bottom, due to the greater resistance of the neon 
The many variables which affect the cathodic protection system 
can usually be considered by gathering information during a survey. The sur- 
vey consists of determining the extent of the structure to be protected, its | 
_ method of construction, nearby structures, , the type of corrosive environment — 
and other data. On some occasions, however, the data show that some factors 
affecting the design of the cathodic protection ‘system change fri from Dour to 
hour or from season to season. 
re For example, when | the steel area ‘being protected changes from hour to. 
hour, as in the case of tide changes, it may be necessary to have some type 
of control over the current output. These \ controls may be fancy or simple, 
- depending on the situation. Often, it is possible to install the anodes in such © 
a way that as the tide rises andbrings more steel area into the cathode circuit 7 
the same tide covers more anode length and increases | the current output. — 
This may be illustrated as shown in Fig. 5. 
_ The advantage of this system, providing it has been properly designed, is id ; : 
that the steel is not overprotected at low tide with resulting coating loss, and — "i 
loss of electric power. Also, at high tide, the steel is not underprotected with 


the resulting corrosion, 


- Another factor which may change from season to season might be the re- 
sistance of the water or earth. For example, a particular harbor, bay « or river 
might ordinarily contain sea-water. But during rainy seasons or during 7 


thaw, _ the water may be brackish or even fresh, . Brackish water and fresh 
water are higher in resistance than sea-water. For a given anode voltage, 
less current will flow in brackish water than in sea-water. Thus, the steel 
will not receive proper protection current. This effect is worsened by the | 
knowledge that steel in brackish waters requires higher current densities — 
than in sea-water for the same level of protection. | 
_ With a changing water resistance, there is no simple mechanical design, 
of the protective system, to consider this change. However, it is possible | to 
design the cathodic protection system to furnish protection under conditions — 
of changing water resistance. One way of doing this is by the use of relays” 
nen vary the rectifier output | to keep the protection current within a desired 


within certain ranges, although the load (anode) resistance varies. 
he: - The foregoing brings to your attention some ofthe technical aspects in re- 
gard to design of cathodic protection systems for marine structures. 


_ Now some of the construction considerations with which | the engineer may 


be concerned with in regard to cathodic will be examined. 


dn. 7 This means that all portions eal the structure which are to be - 
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a water or earth must be metallically connected. This connection, in many — 


cases, arises naturally due to welding together of members, bolting and i 
use of reinforcing steel. 

_ The “H” piles which are connected by steel members: through welding are 
considered metallically connected. 


— 
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are considered metallically connected. ‘Fig. 6 illustrates how additional bond- 


could be done if a structure is already built, 


Sheet piles connected by steel members or reinforcing s steel through -weld- 
“ing are considered metallically connected. Sheet tpiles connected pores moaned 
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the mating surfaces. KA, Spencer insuring electrical continuity 
on sheet piling by 6 in. of fillet welding between all piles of a sheet-piled — 
If steel members are metallically only through 
mesh, this may not be adequate. The size of metallic bonding connections are 
determined on the basis of conditions of the structure and its environment, — 
Bridges which are supported on caissons or reinforced concrete ates 
_ should have the metal bonded together and connected to the bridge structure. — 
_ Underwater utilities in the vicinity of the marine structure must be sess 
I onnsctrslh Cathodic protection current collected by 1 the utilities must be drained 
through a “metallic connection to avoid stray current corrosion. The manner 
of making the connection and value of the connection resistance differs from 7 
_ Situation to situation. Usually, these adjustments are made during the start-up 


of the cathodic protection system. 


_ For structures capped in concrete, it may be desirable to extend the con- ; 
crete to mean low water as ameans for preventing corrosion in the tidal zone. o 
This feature must be weighed against anticipated corrosion damage in this 
zone, Structures near the open sea are likely prospects for this type of con- . 
struction, whereas marine structures more inland in harbors and rivers are 
= likely to benefit from concrete encasement. It is important that, if con- 


_ Test leads for future testing of the effectiveness of the cathodic protection 
_ system” should be installed at the time the marine structure is constructed. a 
Insulated conductors - should be brazed to the structures at locations between 
- earvent drain points or between anodes. The purpose of _ test lead is to 
= provide an easy way of making metallic contact with the steel. T The lead should 
be _ In addition to test leads, it is presently the practice to provide reference 
electrodes, ‘such as zinc to use for testing the potential of the steel. This a 
| accomplished by submerging the zinc electrodes at various points near the 
a structure. A cable from this electrode and the test lead from the steel struc- 7 
_ ture are sufficient for measuring the potential of the steel, using a portable 
- voltmeter. The potential gives an indication of the degree of protection being © 
provided. In some cases, a permanently installed voltmeter indicates the 7 
structure ‘potential | by the mere push of a button. This is called potential 
as When rectifiers are used for the source of power, the | putper r operation 
can be signified by a glowing red light. When the protection current drops to a 
low level, a green light glows to indicate a malfunctioning. In some cases, 
" 7 horns or bells are used to give the alarm for failure of the corrosion control 
a system. Such controls are finding favor inthose cases where a few individuals 
: - must be able to instantly recognize the failure of of v various types of of electrical, 
Piers which serve to fuel or defuel ships present a special problem in re- - 
<= to cathodic protection systems, The potential gradient existing in water — " 
where anodes are installed causes current to flowin the water. Thus, a voltage _ 


‘Sen the anodic cules steel and the cathodic concrete encased steel. ited 


= 2 “Cathodic Protection in Relation to Engineering Design, ” by K. A. Spencer, "| 
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of 6 DC an anode and the cathode on protected structure. 
_ causes current to flow from the anode through the water, and onto the pro- 
"7 tected steel surface. The current follows many paths through the water. If 
7 plotted, ‘these paths resemble the magnetic field surrounding the poles of a 
magnet. When a ship approaches a pier, its hull intersects these potential | 
; gradient lines . AS the hull is a better conductor of electricity than the water, — 
_ the current flows in» the hull along its intended path until such point asitis | 
; iz necessary to re-enter the water and return to the pier. In flowing onto the _ 
hull and then flowing off, a voltage is set up between the ship and the pier. It 
is this voltage which is a hazard in the vicinity of explosive atmospheres. 
oo One solution to the problem is to de-energize the cathodic protection sys-— 
tem. This will remove the potential gradient which caused the problem. This — 


* isa practical solution | in those cases where the pier is active a small per- = : | 


i centage of the time. However, no protection against corrosion is received _ 
with the system turned off. Turning the system off would be impractical in | 
_ those instances in which the pier i is s active with 6 fuel operations a substantial 
[ae In the latter case, provision should be made for bonding the ship to the pier 
>: structure. To avoid the possibility of a spark at the instant the bond is made, a 
the connection is made inside an explosion-proof switch (Class I, es D). ’ 


= way such a bond is accomplished would be as follows: _ el 


* As the ship approaches the pier, the bonding» cable is to the 


explosion-proof switch is closed. 
3. Fueling operations are e begun. mo 


status of the bond. This would be a simple voltmeter to show that a meter (0 
existed between the ship and pier before bonding, and a simple ammeter to 

7 show that current was flowing from the ship to the pier after bonding. As 
tional metallic connections are made between the ship and pier, the bonding 
“cable would carry only part of the current . As long as the current flowed, 4 
partial cathodic | protection would be offered to the ship. In the case of well- : 
"coated hulls, the ship would be given more protection than if the hullwere _ 

poorly coated. As to the ship’s affect on the pier cathodic protection system, = 


improvement on previous system would be meters to indicate the 


- it is well to emphasize that some loss of protection may occur. However, the © 
_ amount of loss will generally be low. For example, piers at Harbor Island, — 
Texas lost approximately 0. ain Vv and 30% of the protective current due to the 
The bonding | is worked out on a of the potentials 
countered at the pier, the quantity of current tok be e drained the ‘ignition 
energy of the flammable mixture.3 


INSTALLING ANODES AND PROTECTING THEM 

Galvanic anodes are” generally of shorter life than impressed current 
- — ee . Two hundred fifty pound zinc anodes havea life of approximately 10 yr 
= in sea-water, 50- Ib magnesium anodes last approximately 1 yr. 


_ _ 3 “Electrical Significance of Cathodic Protection on Hazardous Area rea Steel saeemeedl 
by T. A. Mullett and W. Johnstone, Jr., May, 1960, p. 85. 
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_ These a anodes are rugged and easily installed. -Acoated steel rod or wire rope — 
serves the pu purpose of suspension and electrical connection. If the anodes are 

_ to be placed on the bottom, only aninsulated electrical connection is required. | 
Any small nicks in the insulation will cause no harm, This is because the ex- | ‘ 
= copper ° will be cathodically protected. The anodes are not particularly 
_ brittle, but care should be used in handling as with any type of metal casting. a 

Placement of the anodes, whether suspended or onthe bottom, should be as 
shown on the engineering » plans. In those cases in the field where structural - 
members, such as angles, channels, or tie rods would be touching the anode, - 
then the anode should be moved away so as to avoid current wastage to = | 
localized area. The idea is to place the anode as centrally as possible for the the 

th] Galvanic anodes are furnished with steel cores or an insulalted copper con- 
ductor. The suspension rod (or rope) r may be brazed to the steel core. This 
rod should then be covered with plastic tubing before installing the anode, § so 

_ as to prevent current 
a _ Impressed current anodes are longer lived than galvanic anodes, providing 
the system has been properly designed. They might be either graphite or cast 
iron, although low carbon steel, stainless steel, lead, tantalum and platinum > 
_ anodes have also been used successfully. Graphite or cast iron anodes are 

brittle and cannot stand as rough a treatment as zinc or magnesium, These 
_ impressed current anodes are furnished with insulated leads. Utmost ‘al 
must be used in handling the lead to avoid nicks, cuts, or scratches in the 

- insulation, Unlike galvanic anodes, the impressed current anode lead wire is 

- not cathodically protected. Any penetration of the insulation will lead to — 

loss of the copper when operating with consequent loss of continuity to the 
anode. Likewise, where - several anodes are spliced to a single header cable, 

the splice must be waterproof for the life of the installation. This point cannot 

be overstressed. _ The loss of one splice might result in the loss of anentire _ 


string of anodes, This is one point where of 


in - life of the installation, 


"However, to prevent strain < on n the lead ¥ wire, , the anode may be ‘suspended by 
pon other means using non-metallic materials such as manila rope or certain 
_ Plastic ropes. To allow this method of suspension, some manufacturers make © 
- their anodes with a hole near the end of the anode. If the anodes are to be 
"placed on the bottom, the electrical lead is usually strong enough to allow 
a anodes used in impressed current systems are a at higher voltages, and 
are generally capable of higher current outputs so, for the same situation, 
‘they will protect a greater amount of steel surface. Because of the — 
voltage, accidental touching between the anode andthe protected steel is more | 
‘edited. and more care should be exercised in placement of the anode to avoid 
shorting effects, 
Some marine bottoms consist of hard earth which will support anodes. If the — 
bottom is soft, the more dense anodes suchas cast iron or zinc will gradually 
- sink, ae causes no harm, andhelpsto protect the anode. However, any scrap L 


-. or sharp rocks on the bottom may damage or sever the anode cable as _ 


the anode sinks. Slipping a plastic tube over the anode sent ‘may prevent such | 
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STEEL PILE 
a Scrap metal, such as plate or shapes should not be ‘dumped in the 
vicinity of marine structures to be cathodically protected. Such metal will 
divert the protective current and prevent proper protection of the structure. 
a Cables for the anodes shouldbe installed to avoid later damage from buried 
- structures, utilities or material. The installation should be away from areas — 
to be dredged or ‘where future construction is to take place. As an added 


W For instance, on “H” ‘pile: structures, a positive lead from a rectifier unit > a 
anodes can be protected by pulling into metal conduit and welding the conduit to 
the webofthe “H” pile, 
In an ideal situation, the corrosion engineer steve } the picture during the 4 
Sie stages. At this point, he can determine what general problems are to | 
; _ be encountered. He may be ina position to evaluate various ways of insuring 
If, during this planning stage, it developes that some means should be taken q 
to combat corrosion, the engineer will be in a position to ) mesh the corrosion © _ a 
7 a structure in acorrosive environment is already in place, it is still pos- a 
sible to determine means of extending the life. The most economical means _ ; 
should be determined, considering the conditions which would influence the 4 
decision. ‘These conditions include initial cost, maintenance cost, replacement 
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VER SHIP CHANNEL AND 


By! Robert Hickson, iF. ASCE 


_ A simple practical solution for design of channel improvement and control 
works on the Columbia River, and -_ beneficial effects of such works are 


INTRODUCTION 


‘The i improvement and maintenance river channels for navigation — 
has engaged the attention of engineers since early historic times. It is an 
interesting field of engineering as each project is in many respects different 
from n the other, and the end product, a satisfactory channel, is” under water 


OR ORIGINAL CONDITIONS / AND EARLY \ WORK 7. 
Originally the channel of the lower 110 miles of the Columbia River had 
“controlling depths of 12 ftto 15 ft at low water on several bars, Some dredging © 


was done for relief between 1866 and 1876. The first project for a depth of 20 ft 
was authorized in 1878. The project was later increased to 25 ft, and in 1912 


Note. —Discussion open until January 1, 1962. To extend the closing date one month, 
a : eetihen request must be filed with the Executive Secretary, ASCE. This paper is a 
of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the — 
ass Society of Civil Engineers, Vol. 87, No. WW 2, August, 1961. 
Cons. Engr., Formerly Chf. of Engrg. Div., Portland, Oreg. -Dist., and Chf. of 
Const. -_ Operations, North Pacific Div. Corps of Engrs., U.S. A. 
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= ment of the channel was at St. Helens Bar where in 1878, a longitudinal dike — 
was constructed from the right bank and extended at an angle downstream for 
a length approximately 6,200 ft. Other works were constructed with Port of 
—— funds at Martin Island, Walker Island, and and Snag Island (the latte latter im 
ay These early Columbia River dikes were at widely separated locations, a 
not under acomprehensive plan. . They were accordingly only partially success- = 
Some of them have, however, been incorporated in and constitute a part 
a of the present system of control works. At the mouth of the river the en-_ 
_ trance was divided into several channels with overlapping sand spits. _ The. 
4 channels shifted | rapidly from year to year over a wide arc of approximately — 
; miles, and depths in the crooked channels ranged from approximately 20 ft 


DATA FOR COLUMBIA RIVER 


Area of drainage basin 000 sq miles 
Length | 200 miles 
‘Total fal Gace wy 2,640 ft +. 
_ Average annual runoff 178, 000,000 + acre ft 
Average annual freshwater discharge (243,000 cfs 
Flood stages maximum Portland ( (before storage)” 33 
Flood stages” average at Portland 20 ft. 
Tides at Datum 


A 

150 + miles 


The. data : in n subsequent paragraphs a are presented 
to show the size and some ofthe characteristics of the Columbia River. Fig. 1 - 


shows the the lower 140 miles of the nel —-? 


“LOW WATER SLOPES 


= Total fall of the river from the Canadian border to the sea is 1, 300 ft, but. 
the fall at low water datum from Portland to Astoria is a little more than 5 ft, 


ia - an over all slope of approximately .05 ft per mile for this reach. This slope 
: does not exist, however, except fo: for short intervals and relatively short reaches 


ata any time, as the tidal effect is is continually changing the slope. The low water 
plane and theoretical slope is therefore reauly | the e: env welope of th of the low tides at 


points for the low stage of the river. 


— 1930 the present project, for Dy 
30 ft and width of 300 ft. In 1930 the 
| 
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2. —WATER SURF ACE PROFILES - 1932 
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FIG. 1.—VICINITY COLUMBIA RIVER ‘HE 4 

vA 


to 80 miles above the mouth at low river stages of flow. The water surface 
"slope during ebb phase of f the t tide was found from simultaneous 
= 21, , 1932 at high river stage, to be approximately 0.35 ft per mile, at = 
_ points 40 miles to 60 miles above Astoria. At low river stage in the same 
_ : reach the ebb slope was approximately 0.14 ft per mile. There is a node for © 
tides at approximately mile 67. Fig. 2 shows osemeuas of f lower river as as affected — 
Velocities of River Flow ‘Above the Eetuery.- —In any given stream, velocity 
is the principal determining factor in maintenance of channel depths. This is, _ 
_ however, dependent on channel section, slope, volume of flow, roughness of the 
bed, tides, etc. But the parameters slope and volume, are dependent on freshet — 
flows and tidal effect. The freshwater flow varies from day to day and year to 
year, and the tidal effect is also quite variable through the ranges of neap and > 
_ Spring tides and on account of diurnal inequality when present. 


_ Observations made on the lower Columbia, above the estuary show velocities — - 


low: stages, the velocity” in the channel at that ‘point is on the order of 3 fps. 7 
=f ‘ae Tidal action at low river stages causes a reversal of current up to approxi-_ 
™  . mately 80 miles above the mouth, above which point the current is ; always 
ve Tides and Tidal Velocities at Mouth.—At the mouth of the Columbia the 
_ mean range of tide is approximately 7.5 ft with extreme highs of approximately _ 
-- 10.5 ft and extreme lows of -2.5 ft. There is a marked diurnal inequality under 
Spring tide , conditions. During spring tides there may be a total drop from 
72 higher high to lower low water, of 13 ft more or less in a period of 6 hr of ebb 
flow. : is never as great a range for the flood phase, and there is — 
— ingly a great preponderance of the ebb over the flood tide both in maximum ~ 
velocity and volume of flow. The ebb is also increased by the volume of river 
_ water impounded during the flood phase as wellas the head flow 1 from upstream 


The following figures were obtained from the current survey xy of 1932: - 


Highest average ebb velocity (at h high 
3,065,000 cfs 


Highest peak discharge (at high stage) 


Highest average flood tide low stage) fps 


_ Highest peak inflow (at low low stage) -_ a 2, 048, 000 0 cfs 


At high river stage and large ebb range, recorded a 
maximum shoe p of 12.5 fps at 1/10 depth. The maximum flood tide yireeriraind 


and Littoral Currents.—As usual, at the mouths of rivers entering 
the ocean, a density current at and near the bottom, which flows inland is — 
established. ‘This is in the form ofasalt water “wedge” under the fresh water 
‘moving seaward on the surface. At the mouth of the Columba, this is evident 
at and immediately after the turn of the tide from ebb to flood for a period of io 
approximately 14-hr. With the 74~-ft tidal range at the mouth of the Columbia 


2 Discussion by R. E. Hickson of “Interim Consideration of the Columbia River En- 
_ trance, ” by J. B. Lockett, Proceedings, ASCE, Vol. 85, No. HY 8, August, 1959, p. 95. 
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a OL _ velocities listed in Table 1 are from the current survey of 1932. More com- | 
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‘River, however, the fresh water out-flow at ordinary stages is entirely stopped, - 
the flood flow is largely of salt water from surface to bottom, and the oll 
water wedge phenomenon as such is gradually forcedupstream several miles. s 
On the succeeding ebb, the salt water is almost entirely washed out to sea 
a 1, and currents are seaward throughout the fulldepth. With the turn of the ; 
tide the cycle is repeated. Observations in 1936 and during the survey of 1959 
show that salt water intrusion on the bottom extends approximately 11 miles | 
Observations a at three different river ‘stages made during | the comprehensive _ q 
current survey in 1932, showed the predominance of the ebb over flood bottom — 
‘velocities at higher river stages, with an approximate balance at 
Another comprehensive current survey was made by the of 
(of the: Portland, Oregon District in 1959- 60, with more modern equipment to 
determine velocities, directional flow and other data. _ A review of this survey 
| 6S indicates that the findings as to currents are in substantial agreement _ 
with those of the 1932 current survey. 
_ Ocean littoral currents” are the cause_ of major shifting of material, but 
. _ are not always inthe same direction, probably changing direction with alll 
TABLE 1.—BOTTOM VELOCITIES (AT 9/10 DEPTH) 


River EBB, in fps in fps EBB, infps | Flood, in wail 


L Low 


Intermediate 


pe or r prevailing v winds. “While the s shifting | material may be a major or 
_ controlling factor at smaller inlets, it is probably of secondary importance in 
_ the case ofa large inlet such as the Columbia River, where the ebb tidal flow : 
~ combined with river flow creates velocities high enough to remove any material 
transported along shore to the inlet by littoralcurrents,§ = 
‘The velocity of littoral ‘currents is generally relatively 1 low as compared © 
_ with ebb_ velocities through the inlet and may require the stirring effect 
wave action to put bottom materials in motion. The ebb tide bottom velocities p 
in the channel | of the Columbia River are of a much higher order. When it is 
_ realized that the tractive force which moves materials on the bottom varies | 
with probably the square of the velocity, itcan be understood how at inlets with 7 
large flow, the ebb tidal currents will prevailover movement of manerins into 
the channel by the lower velocity shorewise littoral currents. = | : 
_ At small inlets — with» small tidal flow and low velocities, littoral drift ho 
7 comes a major. consideration, and may require bypassing to the down-drift 
beach across the inlet channel as is do done at some inlets ‘S by operation of ‘Ssub- i 


merged pipeline dredge eq equipment. 


Ibid. Ibid., Fig. | 
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“ Suspended and Bed .—A current and sediment survey was 
made in 1922 in the Columbia River below the mouth of Willamette River, to 
- determine the amount of material carried in suspension during 13-ft and 20-ft 
freshet stages. Samples were taken with a specially designed trap at several 
points in the verticals and several verticals in the section. These showed an 
t Zz. average of approximately 130 ppm of flowing water, before dam construction, 
¥ On the basis of these observations and the flow record of the river during 
oa period of 78 yr, using the: flow during the five higher months each year, itis 
: estimated that under Original conditions there was an annual discharge of 
approximately 15,500,000 cu yd of suspended material. With the construction 
of dams on the upper river, it is probable that a large part of the suspended 
material is now being trapped in the reservoirs, although surveys in the | 
Bonneville pool for several years did not show conclusively significant de- 
posits. Probably the larger deeper pools with lower velocities trap more of 
this sediment. If it is estimated (not based on any survey data) that approxi- 
re mately 1/2 of the suspended material, 7,500,000 cu yd, are retained annually, _ 
there would remain approximately 8,000, 000° cu yd which passes out to : sea 
_ The measurement of bed load movement is more difficult. The annual in 
"ment below the dams in the years since construction of control works above © 
the: estuary has been at a greater rate than was the case when the river was. 
in its natural condition, as scoured material has been added to the normal : 
-movement. This increased rate will continue, however, only until the improved 
sections again reach a state of equilibrium (which they are now approaching). 5 
An approximate estimate of the volume scoured from the lower river improved 
channel section based on the surverys at Henrici and Dobelbower bars and 
‘more | detailed estimates for the channel between Vancouver and Bonneville, | 
_ also under dike control, indicates — a total movement of approximately 
140, 000,000 cu yd in about 40 yr, from areas outside the dredge cut channels. 7 
This indicates a rate of approximately 3, 500, 000 cuyd per annum transported 


to the s ‘suspended load accordingly ‘makes ; an estimated total of copeeciaaialy 
,500,000 cu yd of material passing to sea annually, | 
"In 1922 the writer estimated from surveys that the net deposits on ae 
- Columbia Bar outside the jetties ‘was approximately 4, 000,000 cu yd per an- 
4 It therefore that of the approximately 11,500,000 discharged 
from the river annually, about 7,500,000 are dispersed in movement by littoral — 
currents, wave, , and wind action, and in the deep water farther at sea. The 
_ outer bar at the 50-ft depth has advanced ehetimmaaitied 2 miles to sea since > 


(Fig. 9(A) presented subsequently), = 

~~ is } not possible to definitely fix the final on place of the river trans-— 
= except it is known that, no matter what its exact volume, it has gone into - 

the sea to be dealt with by the various forces of nature. In the previous cen- 

 turies, the total amount of material discharged may be built up to almost ee 

figure. The extensive deposits of sand in successive sand dune ridges along — 
the coast line between the Columbia and Seaside and in the Long Beachpenin- 

_ sula north to Willapa Harbor, contain tremendous quantities of sandand silt 

_ which apparently came from the Columbia River, as claimed einegitcnouall 

Petrographie analysis of the sands also indicates this source. 


“ 4 “Changes at the Mouth of the Columbia River, 1903-1921,” by R. E. Hickson, Mili- 
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COLUMBIA RIVER 


The figures: given for river transport are necessarily rough estimates, 
| but are considered to be for the right order. There are new influences now at > a 
work, such as reservoirs on the upper river, and dike control works, all of — 
which tend to. change > any earlier estimates. Reservoirs will decrease the 
volume for many years while the effect of control works is to increase the bed od 
7 load movement through scour in the lower reaches under control until equili- aa 
brium has been reached. Considering all these influences it appears that in © 
_— years the gross movement shouldbe less. However, the specific volume 
of solids being transported by the River is not a controlling factor in that it 
may affect the maintenance of the channel where it is under control. Where 
, oa it is fully under control as to section and velocity necessary to a stable sec 
tion, all material being transported will have to pass on to an area or —— 
where equilibrium has not been established (see the section entitled “ Engi- 
neering Aspects and Problems” given \subsequently), 
Disposition of Transported Materials .—To determine e whether any any appreci- 
a _ able part of the material moving down riveris being deposited in the estuary, 
— the Corps of Engineers of the Portland, Oreg. district made a detailed compari- 
7 7 -% son of two hydrographic surveys of a large part of the estuary. The earlier 
P survey was made in 1868 by use of a lead line and shows soundings to the | 
nearest 1/4 fathom, ‘The other was made in 1958, | on which a fathometer was 


‘used. ‘Both surveys were made by the United States Coast and Geodetic Sur- 
a _ This comparison indicates shoaling amounting to 77,000,000 cu yd in the 
90° yr period. Due to the inherent difference in the methods of sounding, how- — 
ever, the two surveys are not strictly comparable. Lead line soundings, for — 
several reasons generally recognized, indicate greater depths than actually 
; ‘exist, while the fathometer on the other hand picks up the high points on the 
bottom, thus indicating less than the average depthh = 
- However, not considering these differences, which might largely account 
for the indicated deposit, it is foundthat a deposit of 77,000,000 cu yd in 90 yr 
would account for only a small part of the total river transport of solids in 
that time. On the basis of the annual river discharge of 178,000,000 acre- -ft, 
_ the e deposit indicated by the two surveys is" less than 3% of the estimated total , 
‘movement of solids. Under | different assumptions this percentage might be 
somewhat increased but it would still be small. The foregoing shows that 3 
solids being transported by the river all eventually go to Sea, as of course they 
As to the e possible | effects of up-river improvement works on conditions in 
» the estuary, Table 4 shows that channel dredging in the estuary has actually 
aa Bed Materials. —Table 2 shows screen ‘grading of sands count in 1 channel 
dredging in 1928 at Morgan and St. Helens bars, 7 miles and 17 miles, re- 


7 _ Many samples of bed materials were taken at various places in the lower 
river and at the mouth by the Corps of Engineers during the survey of 1959. ; 7 
The grading varies depending on locations of the samples as to the channel 
and configuration of the bottom. 5 
_ The results of screening of 200° samples of bed materials at the mouth of - 


4 the Columbia are also shown in the current survey report of 1932. . The mate-— 


§ Interim Report, Current Measurement Program, Corps of Engrs. Portland 
Vol. 4, Plates No. 304 1959. 
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1961 
rial is generally ieiain dinie up- river sand ae a large part : in n the 50 to 80 
"? Banks of the lower river are of fairly durable clay deposits 1 laid down by . 
the river and tide land deposits. For considerable distances one bank or the 
- other is of rock. All in all the banks may be considered as fairly stable al- oil 
" though considerable erosion takes place at a slow rate. On the upper — 
_ Of the river the bed and banks are mostly gravel and rock, Mes PP tren 
ns - Control Works.—In the river channel between Vancouver and the head of the 
i. estuary, there have beena total of 150 spur dikes or groins constructed princi- 7 
pally in 1916 to 1930 under the 30 ft project. Some estenstions of the he original | 
and additional dikes were added for control under the 35 ft project. Pres) . 
eg The dikes, in general, are of the permeable type, built of piling and stone. 
piles a are driven in two rows ina — arrangement with a s spacing 


TABLE 2. —SCREEN ANALYS 


0.6 
7.4 
16,1 
5.2 
6.7 
7.7 
0.0 


Voids 
Specific Gravit 


generally of in each row. The two — are fastened together with 


longitudinal separating timber and a waler near low water level. Stone is 
_ placed on the bottom along the piles to stiffen the structure and prevent —_— 
Riprap protection is also placed at each end. 
- Elevation of pile cut-off varies from 10 ft at upper reaches to a minimum 
of 6 ft in the lower river. Ten ft is approximately + the flood stage in upper 
reaches. In a few cases where pile dikes are used for bank protection, the 
iad cutoff is set at almost 1 ft below bank level, and spacing of piles is widened _ 
_to5ftin each rowto avoid eddy action. Dikes are also spaced closer together. 
‘The permeable type of construction, and limited height of control dikes” 
’ Le are used in order to avoid initial over contraction, which would set up exces- 
: sive currents. This would cause large volumes of bed material to be set in 
1 motion, in the early ‘Stages of improvement, before the section has been suffi- 


ciently enlarged carry the flood ‘stage flow without undue disturbance. 
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spacing of dikes will vary on several 
-and whether primarily for contraction or to assist in bank protection, On . ¢ 
- Columbia River spacing is about 800 ft for bank | protection, and 2000 ft more Or 
less in other situations. Curves on the lower Columbia are of long radius, and 
dikes can be spaced farther apart than would be the case if the channels had © 
sharper curves. Spacing shouldbe such that the scouring effect from each 

will carry to the nextdike downstream or into a naturally controlled deep section 
_ There is no well- established rule for the spacing. It will vary with the velocity _ 
and hydraulic mean depth, and the nature of bed material. ‘High velocity and 
‘greater depth will allow greater ‘spacing, but heavy or coarse bed material _ 
wil callfor closer spacing, 
~ On short bars, such as_ Puget Island, only one dike | on each side of the 
The spur dike or groin type of layout has been found more effective than _ 7 
. longitudinal type. This is because of the agitating effect of the spurs in 7 | 
putting heavy bed material in motion farther into the channel than the : ae 
layout. The longitudinal plan allows high flows to pass down stream 
‘behind the dike. For the same amount of contraction the spur dikes will also ea 
generally cost less to build and maintain, 


ae excessively wide reaches, it has been found advantageous to build 1 up 
- middle grounds or islands, retained by cross dikes, thus placing the ends of 
8 dikes closer to the channel and insuring the agitating effect. . Such 1 layouts” 
have been used at St. Helens, Eureka, and Wauna Bars. 
_ The 30-ft Project.—The 30-ft project authorized by the. R & H act of July 
® 25, 1912 provided for a channel 30 ft deep and 300 ft wide, to be secured and | 
- maintained by dredging and the construction of pile dike c control works at + | 


estimated cost of $3,770,000. es estimate included the construction of two. 
7 24- in pipeline dredges with attendant plant to cost $520,000. 
In the project document, however, under which the work was authorized, 
a was stipulated that “permanent works should be used only to a limited ex-_ 
4g tent and after careful study and observations of each locality and generally 
after dredging had been found ineffective. 
After 3 yr or 4yrof maintenance dredging, ‘it was found that little pie 
was being made toward a a permanent or reliable ‘channel, Each annual freshet — 
shoaled the dredged cuts to nearly the same depth as before and difficulty was . 
experienced in restoring depths in the short time before the river reacheda _ 
low stage in the fall; deep draft shipping was hampered. alike ial 
_ The situation was carefully studied at each locality and construction 1 of the _ 
planned ¢ dike control works was then started. The first of such works was built 
in 1916, and additional works were added as funds became available until the iE 
original system of contraction dikes was practically complete by 1928. A total 
¢ of approximately 100 contraction dikes were constructed in the river at so i 
sixteen bars; Puget I Island bar to Vancouver, in that period. 
— em The 35-ft by 500-ft Project. —An enlarged project calling re a channel 35 ft 
‘by 500 ft was authorized in July 1930 at an estimated additional cost of 
$1,366,300 (not including Willamette River work). This project contemplated _ 
the extension of many of the existing contraction control dikes and the con- | 
“" struction of additional works where needed to provide for maintenance of the © 
_ increased channel dimensions. The to total number of is 
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Bis project is now (1961) in a maintenance status and is well viniaae the | in- 7 
ereasedoceanborne traffic, 
3 shows the growth of ocean steamer traffic since 1920. 
THE ENGINEERING ASPECTS AND PROBLEM 


ost rivers, 
over the centuries a regimen which is practically in a state of equilibrium so 
far as oo channel conditions, depths, and cross-sectional areas are con- 


that 


ot suspended and bed materials will remain relatively 
— these natural conditions all material being brought down from the 


se 2,900, 000 | 6,700,000 6,600, 000 9 ,062,000 11,400, 000 


ain 2 From reports of U, S, Engineer Corps, The large increase in the number of og] 
+e draft vessels and ocean tonnage, since 1940, reflects the great capacity for deep ships’ 
the conditions of the improved river below Portland, Oreg, and ‘Vancouver, 


7 b The deeper vessels in these yea 
mages. 
even though the river bed may be in a state of equilibrium 
7 will maintain its depths indefinitely, these existing depths may not and general- 
g are not sufficient for the needs of navigation of a river under improvement _ 
for ship navigation. Here is where the river engineer is called on to find the 
Sm dredging oe done to secure the depths required in the naturally shallow 
reaches, and the spoil is disposed of outside the s section, ther area available 
for flow is increased, and the mean’ velocity "reduced below the critical, 
necessary for movement of bed materials. The reduced velocity in the en- 
larged section allows new materials from upstream to be deposited and the 
section shoals toward restoration of the original stable section. | aa 
Solutions.—Of the two of maintaining channel depths, (1) Gretging 


= 
a 
— 
beeen established, Generally this is in the ocean or large sea. 
| TABLE 3.—TRENDS IN OCEAN VESSEL TRAFFIC ON COLUMBIA RIVER 
| 
7 
| 
4 


‘Dredging isa and ‘direct of removing a shoal, but as ‘pre- 
viously indicated, it is only a palliative. It does not attack the cause and has 
to be year after year to practically the same extent. Deep dredging 


new material from upstream is deposited. There are certain situations, = 
ever, in wide estuaries or bays in which velocities are low, and bed materials 
are very fine and easily moved about by wave action and passing vessels, where 
< total removal from the section by dredging 1 may be the only or most economical 
In river channels where bed materials are coarse, , however, repeated de- 
63S of dredge spoil in - areas near or along the shore may result in semi- — 
"permanent reduction of the channel section, and improvement of depths. , 


re 

Mouth Wittomerte River Note: Curve is not applicable 4 


W is width for 35' depth — 
wis width otupperend 
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ty 


On the lower Columbia River, except in the estuary, the second 
control works combined with dredging, as may be necessary, has been found © 
; most satisfactory. Under this plan the cross-sectional areais reduced to that | 
# necessary to produce ebb velocities high enough to prevent deposits i in | the im- 
proved channel. It is based on the fundamental relation, Ve Q/A. 
>> _ A more elaborate or theoretical analysis to determine the section n necessary 
for maintenance, might be attempted by considering the effects of all the 


be agreed by engineers familiar with river improvement problems that even ‘3 
an approximate answer by involving so many variables and 


4 
| 
gel 
FIG. 3.—COLUMBIA RIVER- WIDTH FOR35FTCHANNEL 
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+ 


1961 


are also present, especially in tidal waters. In movable bed models the problem 
is very complex. For fixed : structures suchas dams, spillways, stilling basins, : 
locks, powerhouses, ete., models are a most valuable tool for the designing 
4 _ engineer and should be extensively used on such projects. 
A Practical Approach.— As a practical solution, it is necessary only to 
ian the section produced by natural flow over a long period as being cor- 
rect for the depth found therein. Nature is the perfect integrator of the effects: 
of all the contending forces over a long period of time and the engineer can | 
with confidence build or control the section to the dimensions so indicated. 
q wid To put this solution in practical operation, the writer used the following — 
. simple procedure. _ Hydrographic charts of the Columbia River made before 
any extensive improvements or changes had been made, were used to tind as 
‘Many sections as possible where the river, , flowing ina single channel, had a 


_ natural section meeting the requirements as to depth. The width between the 
at these sections was scaled from the charts and the widths plotted 


: the: general lay of the plottings. The proper width at. any ‘point or section 


then readdirectly fromthe curve, 


__ Such a curve for the 35 ft channelof the Columbia River is shown in Fig. 3. 


7 ‘Where the river is divided by an island, the total determined width is appor- a 


i tioned between the two channels, and the minor channel controlled at the upper © _ 
end so that it will not enlarge as a result of constriction of the main channel, a 
me _ The curve shown in Fig. 3 reflects the increasing flow and correspondingly J 
_ wider section necessary down stream due to tidal eff 
# =€68©-—s channel and filling of parts of the section reduces the tidal flow in some - 


measure so that the final width required is slightly less at any point than that _ _ 


_ indicated by the curve. The empirical equation shown in Fig. 3 is of course | 
applicable only tothe Columbia, 0 
i A similar curve can be drawn for any similar stream if sufficient natural | + 
control sections are available from which to secure the data as to width. 
This method of determining channel width is not directly applicable to wide 
estuaries or bays which are really large tidal basins, The estuary of the — 
lumbia- ‘River | above Sand Island for approximately 25 miles ranges in width — 
-4 from approximately 3 miles to 6 miles, the flow is divided by sand bars into 
_ several channels, and the use of control works is considered impractical. a 
Such works would probably seriously ‘upset the long established regimen ai 
oy “AS to the use of control works in the wide estuary upstream moral 
- canada the survey report on on which t the project was based stz stated in part, 


a map has been maintained by dredging, and comparatively little difficulty — 
has been experienced in 1 maintaining such depths as are required for © 
“a vessels using the port. . . .it would not appear to be good policy to risk — 

disturbing the equilibrium which has been established and iran lose ea 


benefits of dredging should the channel have to be changed.” 


‘This has always been considered a sound poliey, 2 and no control works have 

built in the estuary above Sand Island. j= 

method of determining the proper amount ¢ of con contraction or river width * 

above the e estuary as previously described is simple. It may be called the 
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Hydraulic models are of channel improvement 
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practical ar approach to the problem since none of the various affect- 
; 7 ing the channel section are specifically or individually considered. All have 
_ automatically been applied however, and all their effects integrated by the 
‘natural flow of the river over a long period of time in producing and maintain- _, 
: The prototype is actually a full scale model which has | been operating over 
"the centuries, accurately and at automatically considering the effects of all the 
forces which are at work in that particular stream. Back of this operation in B= 
4 the natural > stream , however, is the fundamental relation that V = Q/A. 
If a shoal “persists” in a certain ‘reach, it is a positive indication that the 
velocity is not high enough to prevent or remove deposits. To increase V and 
still keep the equation inbalance, itis therefore necessary to reduce the area, 
- % since the volume of flow, Q, can not normally be permanently changed. In 
the s situation under consideration, the only procedure possible for areduction © 
of A is to reduce the width of the section, to that indicated by the width curve | 
(Fig. 3). AD curve of section areas might be used, _ but this involves initial com- — 
putations and eventually resolves itself into use of the width dimension 
 -- The exact value of the mean or the critical velocity necessary to move nt 
material in any case is not known or computed, and the engineer is not 
4 specifically concerned with this. It is only necessary that the section be such 
as to produce the critical velocity (whatever that may be) necessary to souvent 
deposits, and maintain the depth required, as has been indicated at es 


sections in the prototype. 
IMPROVEMENT EFFECTED B BY CHANNEL | CONTROL DIKES — 
_ Channel control dikes have been constructed in the river at 16 bars from the | 

‘ foot of Puget Island to Vancouver, Wash, Extensive improvements have been 
effected, as will be evident from examination of the hydrographic charts, 
United States Coast and Geodetic Survey (USC and GS) Charts 6151, , 6152, eS : 


7 and 6154, as corrected frequently from U. S. Engineers detailed surveys. : 


Several sections and charts are given in Figs. 4,5,6,7,and8. | ‘ar? 
= Dredging records for most of thebars indicate the reductions in excavation — 
effected. In some cases, however, the records donot reflect the true situation | 
_ to excavation necessary, one case in particular being Wauna Bar, where — 7 
the reported excavation includes also that on the Driscoll range connecting i 
- stream from Wauna Bar, which accounts for nearly all the excavation reported | 
under “Wauna Bar.” The Driscoll range is not yet fully controlled, Little if any 
“dredging is now required on Wauna Bar proper (Figs. 7 and 8), 
‘The following tabulations show the reductions volume of dredging 


at three characteristic bars the 


At Henrici Bar 
Under 30 ft by 300 ft Project: 


to 1919 without control, 

Average excavation per annum 

(On 3 seasons was over 1,000 = 692,340 cu yd 
Under 35 ft by 500 ft Project: 
1946-55 average annual 224, 965 
1956-60 average annual (162 098 

Reduction in excavation even with 

larger channel, per annum cu yd 
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FIG. = WAUNA AND ISLAND BARS - 1913 AND 1959 
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At Dobelbower Bar: 


Under 35 ft by 500 ft — with control 
1946 to 1955, average per annum 
1956 to 1960, average per annum 
Reduction per annum, last 5 
over previous 10 yr, per annum cuyd 
Under 30 ft by 300 ft Project 
‘First dike built in 1925, 
1920 to 1925, average per annum 
_ 


BA 


‘ a 
é CHANNEL 


TE: Au sections and charts are from 
Surveys by Corps of Eng’s., U.S.A. 


Reduction « even n with a larger 


7 Henrici and Dol and Rubetbewer bars were among the hardest on ae river to maine 


- tain before being put under control. Including normal overdepth, approximately 
_ 000, 000 cu yd were ‘dredged from Henrici on th three different seasons under 


— 
= 
| 
‘35 ft by 500 ft Project, 100,473 cuyd 
— 1983 to 1945, average per annum yd 
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the 30 ft project before control, and depths after summer freshets were only - 
» 18 ft to 20 ft. In recent years little material lies above grade and least depths - , 
are approximately improvement is evident at the other bars 
The general ‘over-all effect of channel cor dikes has been to lower the 
bed of the river over the various bars. The total amount of material removed 
by” scour since 1920, outside the dredged cuts, is roughtly estimated a: 

140 ,000,000 cu yd. This includes also the stretch of river above Vancouver to. 
‘fans where control dikes have also been in place since 1938. Surveys — 

_ Of all the bars made anmnanly show that the improvement has been continuous © 
and is still in progress, , although equilibrium is being approached on many of 
the bars. The material lying above grade > after the freshets is generally in the 
crests of large sandwaves, 
_ While the estimated scour in — yr is large in total, it is taking place at a 5 
rate of only approximately 3,500,000 per annum, This slow rate is desirable 
for permanence, and it i is not sufficient to upset the regimen of the river. There 4 


ae (TABLE 4.—AN 4, ~ANNUAL DREDGING ON ESTUARY BARS FOR 


126 


ave 7172, 


606, 
654,848 


years, Al materi ial | is disposed of i in nearby areas. | 
4 


does not appear to be any evidence of this material being deposited in the 
estuary, as the records of dredging over the past 10 yr will show. Yardage 
from all nine bars in the estuary, below and nd including Skamokawa Bar, is 
- These figures | show that up-river control works with their resulting scour- 
ing effect have not adversely affected the estuary. There is actually a reduction 7 
in dredging notwithstanding that dredging on onallt these estuary bars wv was is done to to 


by 
It accordingly is apparent that the material scoured from the — 


a. 
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aes 7 _ suspension has all passed out to sea, exceptthat probably some of ithastobe [im 
— - removed by dredging from Clatsop Spit at the mouth of the Columbia where the 
ehannel has shifted out of line and widened to a larger section in recent vears 


Division Engineer statec stated, 6 that: 


7 nl maintaining a channel with a minimum depth of 30 ft at mean lower low < 
co Bet and 300 ft wide, has been such that there appears to be little ~~ 


question as to the feasibility of ‘securing, by an extension of the lle 


methods of improvement, a channel of materially greater dimensions at 


“The work already done has so improved conditions that the present © 
estimate of yardage to be removed to secure a channel 35 x 500 feet, is 
oer by some 15, 000,000 yards than that made desis and one half years — 


‘Under the original project (30 ft) the south jetty “a miles long was com- 
pleted to the knuckle in 1894, This increased the depth on the bar to 30 ft, but — 
‘Ge channel shifted to the north, quickly shoaled again, and the bar advanced 

: sear ard. Depths on the bar were then less than 24 ft, and the channel location » * 


— board of Army Engineers was then rumetreat to report on the situation. 


“secure a depth of 40 ft at low water and a width of at least mile, 
«Extension of the south | jetty was completed in August 1913, , and the north» 
in 1917. Fig. 9(a) shows condition in 1920. 
; All the existing works at the mouth of the ‘Columbia, including dikes owl 
“sand Island, Jetty A, as well as the two main were constructed under 

Dredging on the outer bar range was also pins by the hopper dredge Chinook _ 
- several years up to 1918 when the effects of the jetties made such work ‘ 
unnecessary for a channel 40 ft deep by + mile wide. 
: The project was increased, September 3, 1954 to a a depth of 48 ft at low | 
water for the same width,+ mile. This present increased project depth isto — 
_ accomplished by dredging and the construction of another jetty (B) between ‘ 


Jetty ‘A and the north jetty if maintenance by dredging is found to be ineffec- ae 
_ The width of two miles between ends of the main jetties was decided on | 
. the board of engineers in 1904 from observation of the width of the existing 
- - natural channel at the throat or gorge section approximately 3 miles to 4 miles — 
upstream. ' This has proved to be a good decision, as the depth between ends © -. 
of the jetties has } always” been satisfactory (40 ft to 50 ft for width of 2 2 mile or 
>. Inside the jetties the channel ‘was in excellent condition with depths s of | 
‘more than 50 ft and good | alinement eastward past the easterly end of Sand 


Island from approximately 1916 to 1932 (16 yr). 7 During this period of good — 


_ House Document 195, 70th Congress, First 26,1928, p.48. 
a 7 Discussion by R. E. Hickson of “Interim Consideration of the Columbia River En-_ 
: trance,” by John B. Lockett, Proceedings ASCE, Vol. 85, ‘No. HY 8, August, 195 58, ial 
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channel oni ‘however, natural erosion of the — ent: in the concave 
bend along Sand Island and Peacock Spit (which were not then protected 7 
under control) allowed the channel to shift gradually to the north. The south 7 

ca jetty at and near the shore end also deteriorated from ocean wave action from — 
about 1925 to 1932 so that flood tides and wave action carried large volumes _ 


4, 
DISAPPOINTMENT AAAUTHORIZED JETTY 8 


ge: 
at 


-- 6 

DREDGING 


Sp, 


thus aggravating the. situation ond accelerating the erosion of eof north 


- bank and channel shift in that direction, and at the same time adding to the ~ 


pal The south jetty was then restored to cut off the flow of sand; dikes or groins — 
were built along Sand Island, and Jetty Awas constructed. The purpose of these © 


 &§ 

~ 

FIG. 9.—MOUTH COLUMBIA RIVER, 1920T0 1959) 
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“Angus 
works: was, andi is, to ‘stabilize the north bank an further of 
the to the north. They have had beneficial effects. Jetty A 


the effect 


at Opposite or south side of the channel, where dredging is now done annually 
= for maintenance of depths and channel alinement, before mentioned (Fig. 9). 
. ool Dredging Under the 48 ft Project. .—New York dredging at the mouth of a 
Columbia under the 48 ft project, 14,000,000 cu yd, was completed in the fall 
— of 1956 , the large U. ‘S. hopper dredge Essayons, and the Biddle being used _ 


this work. Shoaling was rapid during the succeeding winter, a and in 1957 
covered a width of only 1,500 ft instead of the full project width of + mile. In 
‘subsequent years dredging was also on a width of 1,500 ft. Te sr 

: Dredging over the past four seasons is given in Table 5. . ee 
- If dredging has been done for the full project width the volumes would have 
been greatly increased | as the heaviest e2 the southerly ‘side 


er dredging on Catsop Spit amounted to 3,600,000 cu yd. But this 


Outer Bar cu yd Total cu cu yd 


4,000,000 


a 
= 


of the cut. It may be assumed, therefore, that annual maintenance on the inner 7 
¢ bar (Clatsop Spit) for full project width of + mile would amount to approximate-_ 


ly 4,000,000 cu yd under present conditions. Maintenance of the outer bar 


1 ‘posal a area a to the west ‘as recommended by Committee on “Tidal ~ dei 
placed it in a position where a northerly set of the littoral and tidal currents 
and wave action do not tend to move the material into the outer bar channel, 

——e on the outer bar in 1960 was only 2,800 cu yd. er ne a 

_ Maintenance of the channel on the outer bar is not considered in this paper, 
é but since the bar has not advanced seaward on the line of the outer range for 
many years, , it may be along time before material trouble will be _—pessenees 
a Conside ring the large amount of dredging necessary for channel maintenance _ 
at Clatsop Spit, | and the widening of the section to the north in thepast 30 yr 
- or more making for p poor alinement and shoaling, it is evident that the solution . 


calls for the construction of control jetty B from the north cape as authorized. 


“Changes in Columbia River,” by R. E. Hickson, duly, 


1922, 


a 
| | 
@ 
ra &§ 
distance of about 1+ miles downstream from the jetty. Beyond 
ya : this jetty (A), however, the ebb currents still swing into the ; 
&§ 
: 
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; The end of this jetty would be about half-way between Jetty A and the main | 
: a jetty, which would place it at the downstream limit of the effects of — ; 
. = The distance from Jetty Ato the end of the main north jetty i is approximately — 
— jetty at this location, and for the purpose intended, would need to be high 7 
_ - enough | only for construction purposes, and to cut off the flow into this bend, 
a _ or in other words to restore the effect of the sand bar whichserved to control 
a currents and maintain excellent channel depths for 16 yr (1916- 32) before 


in ‘the channel and to the south, and result in producing a channel section a 
similar to that being maintained opposite and below Jetty A, without dredging. _ 
The same principle of channel section control which has been used so success-_ 
fully at other points on the river is applicable at this location, = = | 
a This jetty would be located to start near the easterly tip of Cape Disappoint- 
oe and head directly into the prevailing seas, rather than on some other — 
or direction. This site will make the jetty much easier to build and also t 
Since alternate plans must be compared as to ultimate annual cost, the 


estimates for the jetty control plan, and for dredging alone, have ade. 
COMPARATIVE COSTS 
Plan 1, ‘Jetty B Plus Initial Dredging. 


; 1 Jetty B, 14 ft above zero, 25 ft seni width, 5000 ft long + 


firstcost 
$268, 


at Interest and amortization at 4% 


‘ 
m 60,200 


000 
_ Est. 2 yr at $400,000 - - $800, 000 - 
2yrat 200, 000 - - 400, 000° 
lyr at 100,000- 100,000 
5 yr at t 50, 000 - 250, ‘00 
Thereafter 000- 000 
550,000 
annual dredging for life 31,000 000 
I- Total per annum | on 50- life $360,000 000 


‘Dredging alone for } mile Channel 
Annual dredging - 1,500 ft channel $400,000+ | 
Annual dredging - 2,640 ft channel $700,000 700, 000 


Savings per annum, Plan I over Plan $340,000 340,000 


_ Total savings in life of the project would be large. 


_ Maintenance work on the jetty would need to be done only at intervals of | 


several years” as it is not essential that it be maintained at sa a a igh oe level, Half 
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The ‘stone in Cape Disappointment near the root of the jetty, while not an fe 
we high quality, would be satisfactory for the purpose and could be placed ir in the 
; jetty at a relatively low cost. The estimate is high enough, however, to cover 7 
_ better quality stone which would be used at the outer end for approximately = 
— 200 ft and 100 ft wide, to provide e extra material at the exposed outer end for ‘Pa 
i. _ sloughing and deterioration due to wave > action. The use of the local rock for y 
the body of the structure, rather than obtaining better stone from a catant 
‘source, result in a large saving in original cost and maintenance. 
da ‘Some of the Cape Disappointment stone was used on maintenance of Jetty 


_ was used during construction of the north jetty about 1915, “ 
the estimates and records of ‘dredging in the past yrs 


project, Plan I, shows large savings over Plan II (for dredging alone), this 
not the whole saving effected under Plan I. This plan for permanent control 
will result in providing full project dimensions throughout the year while the 
_ channel dimensions obtained by annual dredging alone do not last throughout 

te winter season, when they are most needed. In other words, while costs” 


_ As to assurance of the success of the authorized jetty y plan, it is necessary _ < 
only to observe the great improvements, and stability of channels which — 

a effected by control works at upriver locations, 
| __- vicinity, and to look at charts showing the excellent channel conditions which Seal 
prevailed for more than 16 yr (1916-32) in this vicinity without any dredging 
as — as there was a controlling sand _ the north side of the channel - 


Pre. 

a indicated, the theoretical solution for design of channel dimensions in- 

volves many variables and combinations of variables, for which values are | 

«difficult — to determine. How these factors with their various ‘combinations, ten 

- some favorable, some adverse, can be combined and entered in a workable 
_ mathematical solution to determine the dimensions of a self-maintaining chan- 

nel of the desired depth and width presents a problem for which there apparent- 
ly is at present no positive or dependable answer. | re 

_ Fortunately, as previously described in detail, there is a practical and 

_ ‘reliable solution which does not attempt t to evaluate the effects of each of the 
- parameters « or assign any specific values to the various factors or si 
tions. It is based on the fundamental relation that V=Q/A. 

_ Ifa shoal persists inacertain reachor area, it is a positive indication t that 
the velocity is not high enough toprevent or remove deposits. To increase the 
velocity, it is necessary only to reduce the area, ers ee can be 
accomplished only by! reducing t the width, 


har ™ to high tide level will be sufficient. Its only function is tokeep currentsfrom 
: 
— 
a al 7 of the project channel at Clatsop Spit just inside the jetties can be effected by __ : 
— 
Vy 
ii ovide these dimension 2 mes The money v h deficiency 
an 
| 
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which ‘the » width between effective banks « can be measured. Controlling to this 
= solve the problem at the shoal section by producing the critical 

velocity necessary for section equilibrium at the depth desired. __ | 

Nature is the great integrator of the effects of all the forces at work and 

_ shows definitely in the prototype the width requiredin any case. All the forces — 

at work, both favorable and adverse, have been applied in the natural flow, _ 

other conditions with all their variations, over a long period of time. 
a this simple practical ‘approach to the problem of improvement ofa river such 
as the Columbia, the answer is definitely indicated in the stream itself, 7“ ‘ol- 


scale model which has been operating over the centuries, 
In conclusion, the works of improvement and maintenance of the ship chan- - 
‘nel of the lower Columbia, as outlined herein have been entirely —7 
and the methods used may, with confidence, be used on improvement of river 7 


ADDITR 


Additional references concerning works of improvement of ‘the ‘Columbia 


“Shoaling in Lower Columbia, by R. E. Hickson, Military ‘Enginesr, 


“Jetty Maintenance at Mouth of E. Hickson, Military 


“Placing Concrete Terminal. on South Jetty, ” by R. 
Hickson, Pacific Builder | and Engineer, Apr il, 1944; Engineering neering News 


A Discussion ~ R. E. Hickson of ‘“Breakwaters in the Hawaiian | Islands,” by 


—— 
The writer appreciates the assistance of many engineers and others of the | 
— Corps of Engineers in the Portland Oregon District for their cooperation in _ 
securing much of the data contained in the public records, which were needed 
a 
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CORROSION OF STEEL PILES IN SALT WATER 


James R . Ayers, 1 ASCE and Ralph | Cc. C. Stokes? 


eight widely scattered Naval Stations is “Outlined a are the 
for the survey, the method pursued in obtaining samples of the piling, and z 


brief description of the rates of corrosion for each station. The location, 
elapsed time since construction of each bulkhead and the percentage of re- 


‘maining piling thickness in each zone of exposure are given. The methods of q 
protection used by the Navy bot steel piles anc and for steel sheet 

piling are included. 


4 
q 


fa 
Ferrous in the form of castor V wrought iron piles. and cylinders 
were used in waterfront structures beginning about 1850 and ending around 1900. 4 
With the rapid rise in the production of steel after 1900, steel sections super - = | 
seded the use of cast or wrought iron . The first record of the installation of y 
steel sections was about the year 1890. During the period between 1910 E 


1918, pier and wharf installations utilizing steel piles and steel frame super- 
structures became popular. Due to lack of maintenance, these structures soon | 
oy became corroded above the low water level to such an extent that they were be- 


yond economical repair. Asa result, the extensive use of steel went into dis- 


~~ Note.—Discussion open until January 1, 1962, To extend the closing date one month, _ ; 
a written request must be filed with the Executive Secretary, ASCE. This paper is a 
of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of: the 

American Society of Civil Engineers, Vol. 87, No. WW 3, August, 1961. 


“? Consultant, Waterfront Structures, ‘Bur. of Yards and Docks, Washington 25, D. C; 
2 Consultant, —_— Structures, Bur. of Yards and Docks, Washington 25, D. Cc. 
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favor asa construction material along the , in his- 


of these structures, the engineering became acutely av aware of 


the seriousness of the corrosion problem. 
_ Prior to and during World War II, the Navy became a large user of steel . 
and piling because of the relative ease of er and driving this 
material, 
by piling in most cases. - Since the \ war, corrosion difficulties in n varying degrees 


ha have been experienced. 


‘REASONS FOR SURVEY 
In recent time, cathodic protection has been a forward as a ‘solution to 
= the corrosion problem. In order to obtain data regarding the variation of cor-_ 
a rate from top to a level below mud line fora typical steel sheet pile, the 
ae Bureau of Yards and Docks initiated an engineering investigation through -. 
aa United States Naval Civil Engineering Laboratory, Port Hueneme, Calif., for 
surveying piling at eight representative Naval Activities. ‘A primary objec- 
a tive of this investigation was to determine whether cathodic protection ar 
be of benefit to the areas that fail first and under what conditions its use should : 
adopted. Carl Brouillette was in direct charge of the field survey, 
_ sisted by Alfred E. Hanna, ‘ak of the ) material fo for this pager was taken 1 from 


atwidely scattered activities chosen to showthe effects of differences in maxi-— 
‘mum and minimum annual temperature, amount of fouling attachment, depth of 


water, tidal ranges, protective coatings, and evidence of harbor pollution. An 


- and the ‘results of a literature survey form the basis | for the conclusions of this 
The field investigation wa was divided into two phases. . In the first phase, at 

‘preliminary questionnaire was circulated to the eight Navy facilities, and in 
_ phase 2, the actual cutting of the test samples was performed, | The purpose of 
LS the | questionnaire wa was to provide data and background information p prior to tak- 

ing field samples. At each facility, three widely separated representative piles . 
were selected for cutting samples with torches eran the atmospheric, the tidal, — 

4 the underwater , and below the mud line zones. In order to illustrate the sam- — 
i ples obtained during the survey, Fig. 1 shows a series of front views of repre- _ 

7 -Sentative rough-cut sections of sheet piling taken at Coco Solo, which location _ 

experienced moderate corrosion. Fig. 2 shows the series of back views of the 


Fig. 3 shows a series of front views of the finished ‘Cute Solo meses ~— 
ns Fig. 4 is a series of edge views. ‘Fig. 5 shows edge views of the finished sam- 
_ ples from Alameda. _ These were in the best general condition considering the | 
of San samples shown in Fig. 6 were prob-— 
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wey 1 
action ¢ on the upper portion of the sheet piles. 


—_ distribution a corrosion rates for the East | Coast t Stations are 
shown on Fig. 7. A brief description of the rates for each station follows: _ 
_ Boston Naval Shipyard, Boston, Mass. —The samples were taken froma bulk- 
head in shallow water of 5 ft maximum depth with 10 ft tide range. _ The maxi- 
mum corrosion rate observed was 8.2 mpyat about 1 ft above mean low water. 
Th The next highest rate was 7. 9 mpy at the mud line. 
maximum aver age corrosion rates w were 5.2 mpyat 2 ft below MLW and 
4.6 mpy at the mud line. The minimum average rate was 1.0 mpy at mid- tide 
and at 2 ft above mean high water (MHW). The maximum average thickness of | 
original pile remaining after 17 yr were 95% at 2 ft above MHW, and 94% at mid _ 
tide and at 1 ft above the mud line; the minimum averages remaining were 
‘T5% at 2 ft below MLW and 80% at the mud line and just above MLW. | to 
Norfolk: ‘Naval Shipyard, Portsmouth, Va. —The maximum corrosion to the 
steel bean piling at Norfolk was about 17 mpy in the anodic area 2 ft below. 
_ The maximum average rate was 7.8 mpy at 2 ft below MLW, © ‘The av- 
erage | corrosion at half water depth and below varied from 2 to 2.5 mpy. Orig- 


inally, a bitumastic coating was applied to these piles during construction i in n an 
_ :1933. - This coating extended from the top of the piling to a distance of about 
1 ft or 2 ft below MLW, but only a a very slight amount was in evidence on the - 
piling n near the mean low water line. _ Weight loss measurements showed that S 
58% of the piling remains in thearea 2 ft below MLWafter 26 yr. At half depth, 7 
84% remains; elsewhere, approximately 90% or more remains. 
‘est Naval Station, Key W ‘est, Fla.—The ‘piling “surveyed was coated 
full length prior to being driven. _ The maximum corrosion rate, 19 mpy, oc- 
a curred in the splash zone 2 ft above MHW. Another area of high corrosion 
rate, 10.3 mpy, occurred at 2 ft below MLW. The maximum average rate was 
‘ 10 mpy at the top whereas the minimum rate was 1.5 mpy at half tide. The © 
average piling weight remaining in the atmospheric zone after 21 yr was 54%; 7 
a _ in the splash zone, 68%; at half tide, 94%; at 2 ft below MLW, 83%; and abou about — 
Naval Station, Coco Solo, Canal Zone.—The maximum corrosion rate, 
based on the thickness of the thinnest portion of the test samples, was 17.3 mpy © 
in the splash z zone about 2 ft above MHW. From 2 ft below MLW down nward, the | 
maximum corrosion rate decreased rather uniformly form 8.8 mpy to 4.0 mpy oy 
1 ft below the mud line. The maximum average corrosion rate was 10 


low MLW, 77% at half depth and higher percentages below. at Se 
Fig. 8 shows the vertical distribution of corrosion rates for West Coast and 


Puget Sound Naval Shipyard, Bremerton, Wash.—The steel sheet piling sam-_ 


. - steel in the piling remains in the splash zone, 71% at half tide, 74% at 2 ft be 


_ pled at Puget Sound was driven in 1946 without a protective coating. A cathodic. 7 
_ protection system using graphite anodes was applied in 1954 and was checked — 
and every two n months sinc since date, The ‘maximum. corrosion ate 
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TABLE 1. .—PERCENTAGE OF REMAINING 


ash Elevation | 
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_ Key West 
Coco Solo 


Alameda 
San 
Pearl Harbor 


ono w 


wen 
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‘s 10 1 mpy in the splash zone . Cathodic protection ¢ does not extend to this are ea. 
4 maximum rate of 8.5 m ,y was shown at 2 ft below MLW. The maximum — 
average rate was 5. 0 mpy on (tie splash zone and somewhat less below MLW, 
corresponding to a minimum average remaining thickness of 87%. The aver- 
age remaining thickness was 92% to 96% elsewhere after 13 yr. een, 
a © _ Naval Air Station, Alameda, Calif.—The maximum rate of corrosion, 
8. 6 mpy, occurred in the tidal range approximately 2/3 ofthe way from MLW 
to MHW. The maximum average rate of corrosion in this area was 5.6 mpy. | 
At half depth the average rate was 2. 5 mpy. After 20 yr the thinnest section - 
= had about 84% of the piling remaining. At: half depth, more than 88% remained. 
The low corrosion rate at Alameda can be attributed to a film of fuel oil con- 
tinuously coating the piling inthe upper area, 
ee. U. S. Naval Station, San » Diego, Calif.—The harbor in this area is reported. 
- to receive _ discharge froms sewage treatment plants andhas little regular change 
« water other than that caused by tidal action. The maximum rate of corrosion 4 
a 14 mpy, occurred at approximately 1 ft above MLW and again at about 2 ft above 
_ MHW in the splash zone. The maximum average rate of corrosion was sal 
g mpy at a level 3 ft below the mud line. _ Elsewhere, the average rates were 
7 mpy at 2 ft above MHW and 8 mpy at 1 ft above MLW. The minimum thick- 
ness remaining was 65% of the original at 3 ft below the mud line after 17 yr. — 
The corrosion rate here is much greater than that measured below the mud 
line at any of the other facilities surveyed. This higher rate can only be ex-  « * 
_ plained by a lower pH in this zone or an oxygen concentration cell. The — 
produced by the sewage disposal effluent in the basin and the slight stagnation — a 
in this area were not analyzed. At 1 ft above mean low water, the average re- _ 
maining thickness - is 70%; above high water 12%, and is considerably higher — — 


Pearl Harbor Naval Shipyard, Pearl Harbor, Hawaii.—The piling from which 
"samples wt were taken had been coated to length | with one coat of bitumastic 


coating remained above half depth. "Considerable rusting was observed in the | 
and atmoshpheric zones. The maximum corrosion rate of 11 mpy 
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Tha corres could have been caused by damage to the "protective coating | followed - 

corros 

~ accelerated corrosion in the small anodic area. After the major portion of the 
_ coating became detached from the piling in the area “surrounding the pit, Seed 
corrosion became more general and less localized. The maximum average | 
Bess rate was 4.8 mpy at 2 ft below MLW. The minimum average was 
A O mpy at half tide and below the mud line. The minimum average thickness 

remaining was 85% at the top after 13 yr. 

_ Table 1 summarizes the findings of the surveyasto the average percentages 

a remaining thickness found in the various zones throughout t the height of the — 


piling as determined d by the weight loss of the the samples. 


The data obtained from the e questionnaire indicates that mean warm water 
; temperature ranged from 87°F at Key West to 50°F at Bremerton, and the mean 
cold water ‘temperature va: varied from n 35° Fat Boston to 80° F at CocoSolo. Water 
' temperature es were taken at var ying | depths. The water temperature near the. 
- surface would be expected to be higher than the temperature at greater jan, 
-_ especially duringthe summer months. Thus, the corrosion rate in the tidal and 
atmospheric zones would be affected more by the ambient air * temperature t than 
a Es. the deep water temperature. The fouling appears to be heavier in the areas 
_ of warmer year-round temperatures, _ but in some areas both fouling and cor- — 
4 rosion in the tidal zone were considerably reduced t by floating oil aaa ; 
7 spillage and small boat | activity in the harbor. 


RESULTS OF LITERATURE SURVEY 


“oa review y of technical publications indicated that t that highest rate silat corrosion. 
to steel piling | used in structures is in the region of peri- 


m chloride in water. Above this concentration, the corrosion rate > 


sodiu 


(92 | 94] 88 82 (96 95 | 95 
84 | 90 92 g9 | 93 | 99 | 98 | 
4 
| 

— 
periodic wetting increased with concentration Ol Chloride 10n up by weight 


creases because of the reduction in solubility of oxygen in ‘the 
‘ pi _ ing periodic wetting in sea water, thin films of electrolytic solution saturated —_ 
. oxygen are formed on the surface of the piling throughout the tidal zone. al 
Between this wet area above water and the area below water, corrosion cells 

_ are produced by the different oxygen concentrations. The area of the piling _ ; 


_ the relatively oxygen poor sea water is anodic to the exposed area, and the 
rate of corrosion in this area is reported to be very intense because of the 
24 short lines of “current flow produced in the electrolytic corrosion cell. 


a of oxygen. in the thin film of sea water causes rapid ieantnglinihinn in thisarea. 
Solution potential measurements made on uncoupled steel specimens showed 
that the plates in the tidal zone were strongly cathodic with respect to the plates | : 
__ constantly under water. Thus, when electrically coupled, the continuously im- 
a specimen would act as a positive electrode for current flow to the steel = 


specimeninthetidal zone; 
as differential aeration cell also occurs atthe mud line because of the lower — 


- oxygen content below the ‘mud line (anodic area). The intensity of corrosion in 
this area is less than that occurring in the tidal area. 
AS sea water temperature increases, ‘fouling growth rates increase. = 
_ corrosion rate of wageutncten steel also increases with the increase in sea ie 
water temperature. However, excess fouling the steel 
Cathodic protection of steel piling requires continuity. The 
a "tance of sea water is so low that it is an ideal conductor for cathodic current. _ 
ae In the tidal area, electrical conductivity between an anode and the steel piling 
occurs only where continuity exists between the surface film of sea water 
- the piling and the main body of sea water. Because the piling in the tidal area a 
are moistened by the fluctuating tide, and impressed current will only se 


about o1 one- ne-half of the area between high and low water mark. 
_ The literature survey indicates a preference for protecting steel piling in 
sea water environment by a combination of a protective coating and cathodic _ 
protection. usually advantageous to coat the entire pile before driving 
_ so as to lowerthe current requirement. Even a defective coating is better than > 
-moneatalle 
— Protection of steel piling in the tidal and atmospheric zones is the major 
_ problem in piling protection. The British found that cathodically protecting — 
_ steel piling in the absence of a protective coating causes calcareous deposits — 
_ tof form and extend about two- thirds of | the way up the inter-tidal range. No _ 
e's corrosion of the piles was ‘observed in the region covered by the deposit. They 
_ also report that steel piling can be completely protected by over-lapping coating 
= and cathodic protection. They use a quick drying coating, applied during peri- 
of low tide, to protect the piling above mid tide. 
_ Because the formation of alkali at the cathode is an inevitable feature of 
protection in sea water, the presence of saponifiable components 
_ the protective paint coating should be avoided, 
Pe. insure the flow of electrical current between . the piles | they must all be 
electrically continuous. During construction it is possible to electrically bond | 


the piles through the reinforcing mats or by use of 


welded steel bars between piles. 
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- the absence of cathodic protection, br breaks in 
- tinuously submerged portion o of piling subject the pos to severe galvanic 
Protection of the piling above mean low tide greatly reduces the Seetliaday 
corrosion in the area below mean low tide. If a coating is used to protect the 


“upper a area, breaks in the coating would expose only avery y small cathodic “an 


Varies — 2' 
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S ION 


and ‘aii not cause any use any appreciable ace accelerated attack on the bare steel below 


CORROSION OF OF -ALLOY STEEL 

ha Studies are being directed toward an improved alloy eat to rep replace the 
steel presently used for steel *Fig. 9 9 ‘shows the effects o of 
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corrosion on Nickel- steel plates as compared to ordi- 
: nary Carbon steel plates. This illustration is taken from a paper? vy C. P. ES 

Larrabee. The three curves on each of the two illustrations give the meas- ea} 

_ured maximum and minimum and computed average residual thickness of plates 
for an exposure period of 5 yr. r. As can be noted, the dotted curve for the Car- 
~ bon Steel indicates a corrosion rate considerably more rapid than that tide, 

by the dotted curve for the Nickel- ~Copper - ‘Phosphorus Steel above half tide, 


FIG _EXTENT OF CORROSION ON H- PI 


types s of “steel. ‘During the ‘test, the. area of the Carbon Steel exposed in the | 
splash zone lost five times as much weight as a + similarly exposed aan of the 
alloy: steel. 


METHODS OF PROTECTION 


a The Navy has tried many types of protective coatings for steel piling. These 
coatings have not proven effective within the tide rangee j= 


a Corrosion-Resistant Experimental Steels for Marine Applications,” by C. P. 
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; tends from a level well below MLW to the top of the piling above high tide. Fig. 
_ 10 shows jackets for two types of steel sheet pile construction. Both str aight 
wall and cellular type construction are illustrated, It will be noted that, in the © 
interest of economy, alternative. pairs sheet piles in the straight wall con- 
struction | are indicated in shorter lengths to save steel. For cellular construc- _ 
_ tion, the concrete facing is formed on the outer face only, because the rate of 
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‘SECTION 


— Varies - 


avy 
) FULL JACKET 
_} Fig. 11 shows the extent of corrosion above MLW on H-piling supporting 
mooring platforms located at Guantanamo Bay, Cuba. These piles were re- 
_ paired by cutting out a section of the p pile from elevation minus 2 to plus 4, 5 
splicing in a new section of H-pile and encasing in a concrete jacket applied = q 
-acombination of casting and guniting. The immer sed portion of these Piles was 
_of sufficient thickness after 15 yr to last another 15. yr period without endanger 
_ing the stability of the superstructures, 
Fig. 12 shows two methods of providing protection for H-piling in the criti- 
JA partial pee is shown in Detail A. A full ll jacket is is indicated 


| 
= 
a” 


ture. Instead, the load is transferred through bond from tl the concrete column - 


‘section to the H- -pile. 


“CONCLUSIONS: 


The corrosion rate of steel piling based on all available information is: 


¢, The average rate at half depth is low. 
- d. The average rate in the vicinity o of the mud line is generally quite low. 
> a e. High rates do not generally occur on the landward side of sheet piling 
except in the case of porous backfills with water filtering down behind the _ 
7 ling High rates are eepereenes on the landward s side when coral fills are 


used in tropical ¢ climates. 7 


7 2. A properly maintained cathodic protection | system reduces the rate of 


_ corrosion | below the mid tide lev level. ee Gu 
3. A protective coating over | the full length of a pile reduces the corrosion | 

rate as long as the coating remains. Deterioration of the coating occurs — 
in the tide zone and progresses upward to the top, and at a slower rate below 

* water, On most Navy installations, failures of coatings in the tide zone have > 
4, The most complete protection system for steel piling is s concrete jacket-_ 
ing in the tide range and cathodic protection below mid tide. 

Multi-alloy steel has a low corrosion rate for the upper postion of pil-— 

~ ing. _ It offers an alternative that may be comparable to concrete jacketing in | 

longevity. Furthermore, the superior physical properties of multi-alloy steel - 
will permit a much greater reduction of thickness below water without exceed- 
ing the allowable design stresses, 

6, Cylindrical steel bearing piles are the most desirable shape for unpro-_ 

tected piling because of the smaller external area exposed to corrosion. ng 9 
An adequate and satisfactory p procedure for protecting steel ‘piling in 


water-front structures is as follows: 

~ ee Initial | incasement of the upper portion of all i co 


_ 
oO 
= cathodic protection is peo to. extend the useful life 
beyond | that of the repaired jackets. 
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tm a. The maximum average rate occurs above and/or within the tide zone. 
A secondary maximum average rate of lesser magnitude occursin the ff 
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RWAYS “AND HARBORS. DIVISION | 
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SYNOPSIS 


rt 


wa sea and swell as ‘by surging ig (or | pirmeoee| ‘associated with the harbor 

_ resonances. _ There can be no question that the prominent surge frequencies 
are those of the gravest normal modes, but this does not tell much as to the 
nature of the excitation. The modes can be excited by stresses exerted on 
the water surface within the harbor. _ There are documented instances where 
the surging followed the passage ofan atmospheric pressure jump, and others 
= a sudden shift in the winds appears to have been responsible. ; These 
are examples ofa systematic variation in the normal and tangential stresses . 
on the water surface. _ Random variations occur at all times and also must 
contribute to the surging. ir incidental is excitation of the nor- 


_ Note.—Discussion open until January 1, 1962. To extend the closing date one month, © 
a written request must be filed with the Executive Secretary, ASCE. This paper is part _ 
of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the © 
American Society of Civil Engineers, Vol. 87, No. WW 3, August, 1961. 
_ 1 Dept. of Engrg. and Inst. of Geophysics, Univ. of California, Los Angeles, Calif. . : 
Inst. of and Planetary Physics, Univ. of San Diego, Calif. 
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_ resonant frequencies and their “Q” (or sharpness) have been derived 
for rectangular harbors characterized by a length d, a width b, and entrance 

g width a, assuming b X ) in which ) is the incident wave length, The seiche [i 
amplitude varies as Q1/2, It is found that Q increases with increasing b/a 
7 and d/a, thus leading to the paradoxical result that a narrowing of the harbor _ 
protection from 
4 — 
. 
q 4 
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Seiches can alsobe excited through the harbor entrance. If there is a broad 
Spectrum of waves exterior to the harbor, then those particular frequencies 
that to the resonant will excite the interior resonances, >. 


‘mechanism of seiche generation has received relatively little attention, prob- 
ably because such low-frequency waves inthe open sea hadnot been observed. a -_ —_— 
- But in recent years the ocean wave spectrum has been found to extend con- 
ie from swell to tides, and in some localities the spectrum is an 
f peaked at frequencies typical of harbor seiches. There can be no question that — 
_ severe seiching associated with the arrival of tousamis (tidal waves) is ex- as 
through the harbor mouth, 
In the following, the writers cite that excitation through the mouth is the 
5 predominant mechanism, To what extent this is the case for any given harbor — 
7 could be established by a few definitive measurements which (to the writers’ >. 


never been conducted, 


, Notation. .—The letter ‘Symbols used in this paper are defined where they 
4 first appear in the text and are arranged alphabetically, for convenience of 
reference, inthe Appendix, = | 
Statement of Paradox.—Assuming, then, that seiches excited through the 
= harbor entrance are the limiting factor in the usefulness of a harbor, a nar- 4 
Soe rowing of the entrance leads not (as one might expect) to a reduction in - 
bor surging, but to an enhancement. . This is called the harbor paradox, __ | 
- . The Q ofa Harbor; | General Considerations .— —The analysis can proceed a a - 
considerable way without detailed mathematical treatment. In this section _ 
the general considerations are developed, and these are applied under the > 
heading, Excitation Through the Harbor Mouth, to the observed 
_ spectra off California and Mexico. The principles underlying the mathematical 
—_ treatment and the results are given in the section, Direct Compviation of Q. 7 
Details of the derivation are contained in the sections on the Bour — Value — 


; inwhich f, is the resonant diieatien and 1/Q is alinear measure of the damp- 
Ss = would correspond to critical damping). The power- 


4 is shown in Fig. It increases from unity at =Otoa maximum of Q2 

at and then decreases monotonically to zero as f Assume Q>> 1 
throughout this study. The half-power points then are given by f=f, (1+ +2 

™ and the relative bandwidth, defined as the difference between these two fre- 

=  qumnetes divided by i. is simply 1/Q. Also approximate the amplification — 


in the neighborhood of the resonant frequency by 
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2 
The amplification of a many- -degree- of- system, as a 
_ harbor, is naturally more complicated than that given by Eq. 2, but if the reso- 
7 nance of any particular mode is sufficiently sharp, the behavior of the amplifi- a 
q cation factor in the neighborhood of resonance will be ogee by Eq. cee 
_ cordingly, we define the Q of the harbor by comparing As/ A2 to Eq. 4. — 7 
In the case of a free oscillation in the harbor, the disturbance decays "7 er 
cause of a a radiative loss of energy through the mouth, The relative loss e 


_ energy per cycle is 2 1/Q. This is } equivalent to the previous definition of Q bs 
for the case of steady. state excitation. Accordingly, the Q increases with de- 
creasing width of the mouth. The nature of the relation between Q and the en- 
trance width depends on the harbor configuration and will be computed for a — 
number of examples. In most cases Q is between 2 and 10, 
_ There are two obvious limitations to the foregoing considerations, | One is 
@ = it takes time of the order of Q/n cycles for the harbor surges to adjust — 
to any exterior excitation. Thus, ‘if Q were extremely high, the 
._ harbor would not respond appreciably to a severe but short lived excitation. +a 
- _ Actually this is a minor consideration, Severe excitation is likely to last for 
1 day or longer | (even in the case of tsunamis), and for a typical harbor this 
_ wale represent approximately 50 cycles. On the other hand, for Q = 10 the | 
a adjustment to the increased excitation is virtually complete in half a dozen 


narrower, internal dissipation eventually must predominate over the 


g 
— 
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energy lc loss through the mouth. ‘At poe stage further narrowing does n not lead 

to any appreciable deterioration (nor does it lead to improvement). A rou gh A 

_ estimate canbe made as follows: The stress on the sea-bedis roughly C p u“, 

i which . is a constant of the order 10-8, p denotes s density, andu eens 
The dissipation per unit time per unit area 


Pars 
u =) cos (w t), then lus = (4/3 is the mean-cubed- In 
‘shallow ow water (depth h h) the amplitudes of of elevation and velocity are in the al 


_ The mean energy per hanes area of a aanting wave is E =4 p g ga. Combining 7 


‘Note that Q depends on amplitude. For small oscillations the “specific 
pa pation” (essentially Q- -1) within the harbor ultimately becomes negligible as Pp 
ee with radiative losses through the mouth. More generally, add re- 
ciprocal associated with mechanisms me we insofar as each 

< he 10 ) meters, a 

then Q = 20, that this extreme case the internal dissipation 
‘small as ‘compared with the typical radiative losses. 
The dissipation resulting from turbulent flow through the entrance has not 7 _ 
been cons As the entrance becomes increasingly narrower, this 
eventually may become the limiting factor (Rectangular Harbor), The prob-_ 
a is complicated by non-linear interaction between tidal flow and the flow 


= 


associated with seiching. 
Excitation through the Harbor Mouth.—Now let Sj (f) designate the power 

_ spectral density of the excitation, such that S;(f) 5f designates the contribu- _ 
2 neti the mean- square- -elevation of the sea surface from a frequency | 
interval f . 5ftof+ ‘power spectral the harbor 


) 
pes 


sually the 
approximate that of A? of A2 and t and the me mean- an-square response be 
by 
So(f) df 


It concluded that the root- amplitude of the response 
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HARBOR PARADOX 


(a) EXTERIOR SPECTRUM 
| OFF OCEANSIDE, 

CALIFORNIA 


FACTOR OF Hi HARBOR 


“OF HARBOR 
OSCILLATION 


FIG. 2.—SPECTRUM OFF OCEANSIDE, ‘CALIF oa 
2. ) It is peaked at approximately 3 cycles per hr (cph), or at a period of 20° 
min, The curve is based on measurements of pressure fluctuations along the 
sea bottom. The spectra were obtained fromthetime ser ‘Series s by means of high- 


an illustration, consider the spectrum off Oceanside, Calif, shownin ff 
Fig. 2. The units of the vertical scales are cm2 per cycles: hr-1; thoseof 
| 
| _v- @ | 4 
a 
| 


speed digital computers nates the method of Tukey. 

uninteresting; they have been adequately described elsewhere. spectral 
‘ _ densities given herein are typical of day-to-day activity in this region, On 
t extreme days the densities may be 10 times the values shown, but the ; shape 
.  && the spectrum at any given locality is remarkably unchanged. _ On the other = 


- values. Again the shape is not dissimilar with that resulting from day- to- day 


For illustration, factor that is peaked at fo 


— 


| 


4 mo on account of slope o ‘exterior The area 


the curve, « df, is This” means that the 

_ mean- -square elevation | (instantaneous level above mean water level) is 2 em2 

the: root-mean-square | elevation is V2 2 cm, root-mean- square 
(wave crests above mean level) is V2 V2 = 2 cm The root-mean-square 

pion iy pee to trough) is 4 cm. (Wave heights as reported by visual ob- 
—— are of the order of 1.5 times the root-mean- square heights, ) In the 7 

case of tsunamis the energy densities may be 103 times hi her, and thus the 2 ; 


heights of harbor oscillations would be of the order 4V 1000 = 120 cm. 


es, “Spectra of Low-Frequency Ocean Waves,” by W. H. Munk, F. E. Snodgrass, and — - 
J. Tucker, Bulletin, ‘Seripps Institution of ‘Univ. | of California, Vol. 7, 


| 
was se- 
a 1 lected, The response of the harbor is plotted at the bottom and represents the © ’ &g 
| sponse is peake 

| | | 

— 

, MEXICO, AND OCEANSIDE, CALIF. 

: 


= ‘There’ are then two ways ts nate ‘seiches in harbors: (a) to mismatch 
the harbor wongimariinn with the exterior spectrum and (b) to reduce the Q of 


the Gunenatons of the continental shelf; those in the amplification « curve de- ‘-_ 
: pend on the depth or the size of the harbor and to some extent on the width of 
z= entrance (Fig. mot To mismatch the two curves one must alter either the 


= 


Which of these two methods is to be more rewarding primarily 
a the shape of the exterior spectrum. In the case of flat, monotonic spectra, the 

shift in f,, does not help; when there are extremely sharp peaks, a minor shift _ 

inha harbor tuning could bring about a noticeable improvement | (or deterioration). 
As an extreme example the spectrum off Acapulco, Mexico, 4 “a with a spike at 

_ 2 cph is presented. The spectral densities are drawn on a logarithmic scale, _ 

> and the Oceanside spectrum is plotted for comparison, . The Acapulco peak is — 
p associated with the steep continental slope dropping into the Acapulco Sub- 

marine Trench. In general the gentle California spectrum is more repre- _ 


sentative of off-shore conditions, 

In the present paper only « one resonant peak of the harbor was considered. _ 
a The proper procedure for estimating the interior disturbance is to consider 
all important modes. In general it will be found that the contribution from 


_ higher modes diminishes. © One reason is that the Q diminishes; another that 


ty 


“the exterior spectrum drops off at high frequencies (and this has to do with 
_ typical dimensions of the continental ‘Shelf as s compared with typical dim dimensions | 

es Furthermore, it may be more significant to compute the spectrum of the | 

7 orbital velocities, rather than of amplitudes, the velocities being primarily 
- responsible fors seiche damage. Let u be a typical velocity, h the harbor depth, | 


_¢=vghthe phase velocity, and z the elevation above mean level. _ Then since 


— 


spectra a (particularly, in 1 regions” of ‘sharp and to design the 


° ow 4 “Sea Level Spectra, 0.3 to 1.5 Cycles Per Hour, at Acapulco and Salina Cruz,” by 
i. Munk an and H. Cepeda, Anales d del Instituto Nac. Auto. de Mexico. 


—— 

wws HARBOR PARADOX 

4 

g example the worst possible condition would correspondtoa harbor 
- ng at fo = 3 cph. The mean square values would then be 4 times as if 
y id the amplitudes twice what they are for f,= 4 cph. If the Q could be _ a 
4 

— 

g 

& 

presented. Note that 
= the previous example 

— 10 meters, Then 
= m the Squuaaree (in sec-2) equals numerically 

3 the mean square elevation in Accordingly the root-mean-square value f 

= velocities is 2 cm sec-1, During tsunamis this would be of the order 

— 


3 largest possible openings (lowest Q) enatanet with adequate protection from | 7 
sea and swell, An alternative solution is a breakwater against which sea .and ™ 


_ gwell are dissipated but which is “transparent” to the low-frequency oscilla- 
a Note that the analysis so far has been based on n quite general principles. 
_ Now consider means of evaluating fp and Q fora Qe harbor configuration, _ 


‘be the free- T° tod 


wy y) 


a mouth M in the plane barrier x = 0, as shown in Fig. 4, Noting that the mor. 
~ mal velocity (which is proportional to ¢,)vanishes everywhere onthe barrier, 
_ the disturbance radiated from | rn mouth ir interms of the ni normal velocity there 


may be expressed according 


| 


open sea, 


is to be t fen ot only over the mouth. At large distances from the mouth = 


>> 1), (k R) may be replaced by its asymptotic approximation and then 
4 replace R by the polar radius r in keeping with the assumption that the mouth _ 
a is small compared with the wavelength; these approximations yield the radi- — 
(x, ~ i (2 te (0, n) an 


5 Lamb, Cambridge Univ ress, New Yo York, 1932, 189. 


— 
— 
— contribute except to show that the widely published formula for correcting a. 7 _ 
a _ for harbor width is wrong. The evaluation of Q requires a computation of © _ 
either the radiation from the harbor mouth or the amplification curve inthe 
Direct Computation of Q.—Assume long waves in water of uniform depth h, 
— 
| 
a Lhe aVe Spee alla 
The particle velocity is given 
— 
af + ly - 7) 
Je the atancre hetween a noint (0 in the mo nt (x vw) 

| 
4 a 
| a 

— 


HARBOR PARADOX 

(If the mouth had not been assumed tobe small compared with the wavelength, ‘ 

could have been approximated by r-7 sin 6, in consequence of which the > 
a additional factor exp (ik n sin 6 ) would have appeared in the integrand of Eq. _ 
17), The mean and kinetic energies associated with this radiated 
are each ¢ equal to 4 per unit area and are propagated across 


at semi-circle r = constant, lel <4 m at the wave speed c. The total rate | 
at which energy is radiated from the mouth therefore is given by mor 


To complete tt the semiediines of Q, the total mean energy of the disturbance, 


for example E is required, This, too, will be half potential and half kinetic in a 


FIG. GENERAL | 
"SHAPE (S) THAT COM- 


HARBOR 
-MUNICATES WITH THE 


a -MOUTH(M)INA PLANE 
BARRIER 


he kinetic be confined entirely tot the harbor; accord- 


ie 
the of 1 resonance, and the energy (but : not, in general, 


as 
wl 
“then comps compute Q to 
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To proceed further consider a specific harbor and develop an seenainii 
~ expression for ~. The problem is essentially similar to that presented by a 
two-dimensional acoustic resonator, and the classical techniques‘ are gen- 
| erally applicable. . Consider, for example, the rectangular harbor of Fig. 


_ the assumption that 
arr. 


= 

Eq. 21(b) implying resonance in in the mode, Treating the disturbance 
aa from the mouth as a small perturbation, then pose the — 
for a one-dimensional organ p pipe) solution 

Substituting Eq. 22 in Eq. 20 and carrying out the integrations, 


In the pe two iain it will be shown that the approximation of Eq. 23 


is many correct for the harbor of Fig. 5 in the limit b/d +0. More gen- i 


© 


Pose 


ote constant velocity in in the mouth is much 
, oy too rough for the formulation of Eq. 20 and would have been entirely inade- 
onl had the barrier ; appreciably overlapped the walls of the harbor, as in 
Figs. 4, 6, and 7. A more general formulation will be developed in the sec- _ 


tions on the Boundary-Value Problem and the Rectangular Harbor, which o 


estimate of the effect of the mouth on the resonant frequency. = ey 
by Lord Dover ‘Publications, New w York, 1945, ‘Chapter 


| 
— 

— 

q 

a 
x _ 
— = 

4 


"marized in terms of the two 

(Kod) = b 10. 


3 roots to Eq. 24 the resonant wave Ko, these 
the wave lengths, Ao = 2 1/Ko, and frequencies, fo = Vgh/Xo, are readily 


a 


8. —PLOT OF FUNCTION (kod) AE APPEARING IN EQ. 25 


a: For any root the corresponding sil of Q then follows from Eq. 25. 

: 3 The function appearing in Eq. 25 is plotted in Fig. 8 for a range at k,dcover- — 

4 ing the two gravest modes (there are no roots to Eq. 24 for$ a <kod<7). — 

results raves to order a b <1 are of the direction of the inci- 


(24) 
(25) 

— 

— 

| 


—" is a presentation of these equations for the two gravest modes. ‘The 
ome curves give the resonant wave length, as a function of the a 
= a, the harbor width, b, and length, d (Fig. 6). The dashed curves give 
corresponding values of equal Q. All quantities are in dimensionless ratios” 
and satisfy the long-wave approximation, ky b<K1 . The ordinate varies from 
a closed harbor (a/b = 0) to an open harbor (a/b = 1). In the asymptotic case 
of an infinitely narrow (b/d =0) and open (a/b = 1) rectangular harbor the 
usual “open organ pipe” relations d/r\o = 4,4, is obtained. Moreover 


cv: 


a 


‘The appropriate asym asymptotic form mulas for the fundamental mode 
b) 


4 

— 

| 

— 

he 

> 
— ; b\ 1 

— 


¢ ‘Thus the harbor can be considered as a “quarter-wave- length” resonator pro- 


- vided its length is considered to be enhanced by an amount b fo(b/d) associ- — 
ated with the aspect ratio b/d plus an amount b £3 (a/b) associated with the 


10 


= 


10.—END- CORRECTION FOR THE DOMINANT. 


MODE IN THE HARBOR 5 


26 ' TO 28) 


= 
te 

FIG 

aperture ratio a/b. The function 13 (a, plotted in Fig. 10, Intextbooks 

oa = length correction due to a finite aspect ratio is widely quotedas 0.41b Gf 

— ( rather than 1-1 b [1.051 + In (d/b)]) in analogy with Rayleigh’s correction 


an that “closing the aperture leads to an increase in an thus to a 
ry decrease in resonant frequency. For a closed harbor the gravest mode corre- _ 
sponds to =2 d. mode corresponds to the asymptotic descendent of 
es the second mode for the open harbor. _ The fundamental mode of the open 
_ harbor approaches zero frequency with diminishing a/b, On account of the 
a logarithmic form of fg the asymptotic values of dro are approached only for for 
exceedingly small aperture ration. For case b/d = 0.2 


But in the « case of openings as ey on 0. 1% or 1% of the harbor width, the 
. “turbulence at the entrance must be an important factor. The present solution 
= is based on a variational principle which in effect emphasizes the volume flux 
_ through the entrance and is relatively insensitive to the detailed current pro- 
- file. In the case of narrow entrances, dissipation reduces this flux and would | 7 
_ thus appear to make the entrance narrower than it is. The asymptotic values” 
_ corresponding to a closed harbor therefore must be approached more rapidly 
than in the present, idealized model. 
a lee For the fundamental mode the frequency approaches zero as a/b apr approaches" 
a zero, and the two- dimensional analog of the Helmholtz resonator® results. 


; Such a resonator consists of a vessel that is nearly closed and communicates. 


_ with the surrounding atmosphere only through a small neck or aperture. The 
q wave length in the dominant mode of oscillation then is large compared with | 


the dimensions of the vessel, and the motion of the air is in approximately the 
_ game phase everywhere but in the neighborhood of the neck, or aperture. In. 
: the analogous resonance of a harbor, the displacement would be approximately 
independent of location throughout the interior of the harbor; the potential 
energy of the motion would be confined primarily to the interior; and the. 
‘ kinetic energy would be confined primarily to the neighborhood of the mouth 
(where the motion would not be uniform). _ (The mathematical description of. 
_the three-dimensional problem, as it arises in acoustics, is rather simpler 
because the normalized kinetic energy depends only on the dimensions of wal : 
aperture and is independent of the dimensions and shape of the vessel. )- 
= One is led to expect that for nearly closed harbors the second mode a, 
- sponding to Ne * ~+2d) is more effectively excited than the fundamental mode, © 
= expectation is born out by an examination of the power amplification. 


For the cai case b/ b/d = 0,2 
4a 


a/b = 001.01 


so that. the second mode is mo more highly ey wai the fundamental “mode. 
_ Moreover, the velocity in the mouth would be relatively much larger for the | 
fundamental — mode, so. that turbulent dissipation there would decrease the 


amplification of the fundamental relative to that of the second mode, 


a 
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ys 
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HARBOR PARADOX 
Value Problem. 2m .—Consider a general formulation of the boundary- 
7 _ value problem for the harbor of Fig. 4, assuming a priori only that the dis- 


an turbance is harmonic and that the barrier is plane. re erg 


,y) 7 
= =Ae exp [ik (x cos 6; +y sin 6;)|for a 1 straight- crested wave at an che of 
“incidence 6 if there were no opening in the barrier, the reflected disturb- 
ance would be simply ¢ ;(-x, y), and the normal velocity (proportional to ¢ x) Fs 
-_ would vanish identically at x = 0. In fact, the normal velocity differs from 
zero in the mouth, and the radiated disturbance of Eq. 15 must be superim- 
posed on the incident and reflected disturbances. 


— 


_ the total disturbance outside the be posed in the form 


= y) + x, 9): “pif (ae (ic R) f(n) an (30) 


to the disturbance inside the harbor, “let the Green’s function 
G(x, y, n) satisfy the Helmholtz equation (Eq. 13) in S and have a vanishing 
normal derivative on the boundary of S except at x = 0 andy =n, in which 
6G/5x = 5(y -7n), the Dirac delta function, Then G is real for a harbor of 
finite area in consequence of our neglect of internal dissipation. Having G, 

_ the disturbance inside ” harbor may be — in terms of f(y) accord-_ 


— 
A ‘Then, requiring the displacement to be continuous across the mouth of the 
harbor, Eqs. 30 and 31 may be equated hod at x5 0 to obtain the integral e equation 
M 
(k ly - 
The exact mitten of the integral equation (Eq. 32) for any apecttie con- 
r figuration appears to be beyond the available powers of analysis, and there- 
fore a methods must be resorted. _ Assume a ‘Solution to Eq. 32 wall 


tly) =F oly ). 


in which ¢(y) specifies the distribution (or of and F it 
It is also found expedient t to normalize to 


i £4 (0, dy=fy (0, 


q 
| 
4 
~ 
| 
o(y), integrating over M, andinvoking Eq. 35 


Aust, 1961. 
_ Substituting Eq. mae Eq. 36 into a 31, the disturbance in the harbor is 


DUE y, 0) 6(n) dn. (38) 
is essentially similar to that developed 
where? for closely related problem of acoustic radiationfromaflanged 
pipe. A systematic procedure for the determination of ¢(y), based on a vari- — 
ational principle due to Schwinger, has bw developed there. Only the fol- : 
lowing basic principle is stated herein: D(k) is stationary with respect — 
first-order variations of ¢(y) about the true solution to the integral equation 
(Eq. 32) provided that the form of oly) is n¢ normalized according 


The resonances’ of “the evidently are associated with the zeros of 
D(k). These zeros are complex in consequence of the radiation damping, but 
if this damping is small the resonant frequencies as the zeros of the real part - 
of D(k) may be obtained and also Q by expanding D(k) in a Taylor series about 


Assume the incident wave to have the form © 7) 


in the aren of the | harbor. " Substituting Eq. 41 into Eq. 35 and invoking sym- _ 
condition on ¢(y) may be reduced 


It is concluded that, ante to © the restriction k a << 1, the response of the 
harbor is independent of the angle of incidence, Also note that, to this same 
approximation, 


The boundary conditions to be to be satisfied by the Gr Green’s function for the rec-— 


_ 9 “The Coupling of a Cylindrical Tube to a Half-Infinite Space,” by J. W. Miles, 
Journal, Acoustical S Soc. of America, Vol. 20, 1948, pp. 652-664. 
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gection to the rectangular harbor of Fig. 6 on the assumptions that 
— 
4s 


HAR RBOR PARADOX 


An elementary to the Helmholtz Eq. 13 that that satisfies ‘Eqs. 
44(b) is cosh fon cos (PnY)s in which 


Combining Eq. 43 and Eq. 47 in Eq. 33, = 


‘K(y,n)=- - (k b)7} cot - = yk +Z(y, nm)... (48), 
in which xy, n ) stands for the infinite series in Eq. 47. This series may be 
n) == (2 7) ‘in [2 cos ( ) cos (222 )| - 
"Substituting Eq. 48 into Eq. 37 and invoking Eq. 4 42, the result 
=-5 i - + ae (50a) 


: Eq. §1(b) and ‘hence the dependence of Don k is independent of the unknown 
“distribution oly); an virtue of the aforementioned variational 
principle, the exact | value of E (k) is. an absolute minimum with respect to 
_ arbitrary variations of oly) about its true form. (This last conclusion de- 
pends also on the positive-definite character of the integral in Eq. 51(a).) 
_ To compute | E(k), the velocity-distribution function 1 o(y) must first be 
“estimated Following, in essence, arguments advanced by Rayleigh 10 in his 


= 


10 “Theory of f Sound,” Lord Rayleigh, Dover Publications, New York, 1945, 307. 


(5 y kly-1 n')| o(y) 


Superimposing these elementary s solutions and determining th the 
the resulting Fourier series at x = 0 in sucha way as to en 44 aed i 
Eq. 46 is obtained (note that o. =ik > i 
[k (x +d)], 2: cosh le, 
(kd) Qa Sinh ay n | 

Setting x= 0 in Eq. 46 and invoking the approximations (for n side 
and coth (@n virtue of the restrictions Eq. 39(a) Eq. 
G(0, - cot (k d) + (1 n)~" cos cos (B, n). 
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treatment of Helmholtz resonators, “two app 
themselves, namely 


(2) 


an 
aperture in an infinite barrier (a/b '0). Substituting 52(a),(b) 


51(a) and carrying out the integrations 


vad = 


— 


r in which Jo is a a Bessel function of zero order. Using the approximation | 
X(y,n) ~- (1/2 In[(2 Ly? - n2\] for small values of y and n, it is 
also found that 7 E(1) - In (b/y k a2) and 7 E(2) (16 b/y 7 k a2) 
as a/b-0, The difference E(1) - E(2) is 0,001 for a = b and 0,072 for a/b _ 


0, Invoking the variational principle, it is concluded that E(2) is the su- . 


-perior approximation; in fact, E (2) is exact as a/b ~0, for then (2) must 
tend to ‘Eq. 52(b). ‘The small (numerical) differences between E(1) a nd nil 


Y 


"whieh agrees with E(2) as a/b — 0 and differs from it by 0. 036 ‘io 2 This — 
result, which was obtained from a consideration of the flow ina channel of — 
width b obstructed by a symmetric barrier having an aperture of width a, ‘may 
be applied to the asymmetric configuration of Fig. 7 ifesce(7 a/2 b) in Eq. 54) 
is replaced by csc“ 
1 The resonant | frequency and Q of the harbor are now computed on the basis 
of the approximation Eq. 54. Referring to Eq. 4 and Eq. 38 let kp be zero of 
the real part of D(k) and expand D(k) about k=k, in the form given in Eq. 55. 7 
(It may be shown, by explicit computation, that the variation of the integral in 
Eq. 38 with k as k- Ko is small 1 compared with that of D(k) for Q >> 1.) 


tions naturally suggest 

' 
g 
— 

= 
| 

variational principle and imply that neither E(1) nor can be wide of the 
mark, The infinite and Eq. 53(b) converge rather 

7 
| 

— 
— : 


HARBOR PARADOX 


Comparing Eq. 50 and Eq. 55 + poe 


a 


Www 


1 aD | cot (ky d) 


Eqs 56 and are equivalent to Be. 24 a 25. the assumption 


Q>>1, the variation of with kin the of =k depends pri- 


marily on D (Eq. 38), then 


= Q Sere 
which is identical in form with Eq. 4 if it is recalled that k/Ko = w/w = f/f 


AS = amplification factor; 
entrance width of etter (Fig. 6): 


= width of rectangular harbor (Fig. 6); 


= length of rectangular harbor (Fig. 6); a 


= = Green’s function; 


= Hankel Sanction: 
= of harbor; 


mouth of harbor; 

_ = flux of energy ‘through harbor mouth; : 
= = sharpness of resonance; 
= particle vector ‘velocity; — 


| 

57 
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radial distance harbor mouth; 

radial distance from harbor mouth (Fig. 4); 


area of harbor; 


= power spectrum; 
‘a = 
t 


= 
= impedance; a 


= wave numbers; 


= ‘operator; 


= elevation | of surface above mean sea level; 


= direction (Fig. 
incident wave length; 


tas 


= 
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DISCUSSION 


= _ Note.—This paper is a part of the copyrighted Journal of the Waterways and Harbors 7 
ea of f the American Society of Civil Engineers, Vol, 87, No, Ww 3, 


=: — 


RECTION OF WAVES AND WAVE ENERGY@ 


Closure by On by Omar J J. Lillevang 


pal OMAR J. LILLEVANG, 6 M. ASCE.—Dunham related the seen and his- 
tory y of natural shoal forms and raises the point that shoals resulting from the 
- influence of artificial structures may eventually develop similarities to — 
; natural. - Sandy Hook, at the north end of the New Jersey Coast, may well be | 
nature’s analogy of the breakwater tip > shoal, , particularly at a location at which 
the energy flux of major river flows is an element compounding the complica- | 
tions } of wave action, . Sandy Hook’s recurved end may exist to a considerable 


erated in Lower New York Bay by offshore winds . Neither complicating effect — 
is a possibility at the locations discussed in the paper. _ sea oasis 
ae The Santa Barbara record appears to support Dunham’s suggestion that as 
inshore contours move eastward inan accretionarea the outline of deposits, or 7 
the alignment of shoal deposits, is forced seaward . Fig. 6 and the preceding © 
remarks concerning it, bear on this concept. | The bottom contours paralleling — 
the Santa Barbara breakwater did move seaward quite consistently after the 
structure was built, about 1930 to 32. Whatever trend lines one might elect - 
- to draw through the individual survey ¢ data plotted on Fig. 6 would show a ‘owing 
to the seaward of the shoal limits. It is planned that expected future shoal : 
developments at Del Mar Harbor will be removed frequently to maintain navi- 
3 gation, as they have been at Santa Barbara. Thus, except for the different wave 
exposure, the Oceanside project may be comparable to the Santa Barbara one, 
Bruun correctly takes the writer to task for referring to energy as a di- — 
rected phenomenon. Here simplification may have been overdone to avoid a 
: title for the paper that might otherwise have read “Mean Direction of Waves © 
- and of the Flux of their Energy at Coasts and Barriers. > ea perl 


__It is encouraging that the problems discussed in the saints have brought out 


discussions from the heads of two of the world’s exceptional coastal engineer - - 


ing laborator ies. Their independent references to model study for development 
of sound theory is impressive. The hope exists that such work may be recog- 


nized as a very useful thing for allocation of research funds. — ‘The successful 


= 


ag Ss interest in uniform longshore current is not shared 
_by the writer. — _ However, probably this is because none of his experience has 7 
3 encountered such a ‘beach- paralleling current swift enough to move bed load, 
s would be done by a stream or by swift tidal flow at an estuary. On many 


occasions along the California c coast \ when waves were e breaking obliquely to to a ; & 


March, 1960, by Omar J, Lillevang (Proc, Paper 2423), 
6 Vice Pres., Leeds, Hill and Jewett, Inc,, Cons, Engrs., Los Angeles, Calif, 
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straight shore, the writer has noted pro pronounced longshore currents in 
7 - surf zone that were set in the opposite direction one might t expect from the ob- 
Jordaan has suggested that “the Q- -factor equ equation ‘might be ‘improved by uti- 
lizing w sin2 I rather than w Sin I Cos I.” _As derived by the Los Angeles Dis- 


_ trict of the Army Engineers, = latter resulted from the a reasoning: 


i merer content per unit it length o of wave crest offshore is representable 
- 2. At the shoreline the energy content per unit length of wave crest has 
_—* modified by refraction, diffraction, shoaling depths, island screening, and 
so forth and is, thus, represented by w E; 
ae * The wave crests at shore may not be parallel to shore. Thus, the ener- 
gy content | per unit length of shoreline, if I is the angle between crest and 
shore, is computed as w E Cos oa Ne 
_ 4, The flux of the above unit energy per foot of shoreline has an incidence — 
outa at the littoral zone, I ‘Thus, the component of that flux longshore is the q 
: - product of the energy flux and the sine of the incidence angle, or w E Cos I Sin I, 4 
that was confusingly written in the paper as w E Sin I Cos I, and properly re- a 


4 bal their contributions | may follow. 
to 


ut 
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_ =  cisms and additions that Dunham, Bruun and Jordaan have contributed and with #7 


DESIGN CONSIDERATIONS FOR CALIFORNIA MARINAS? 


prediction of direction of waves by rational refraction and 
fraction computations can be made and that harbor designers should learn and | 
use these procedures, or commission those already skilled to perform cally, 
Another wave-induced phenomenon is more difficult to predict mathematically, 
unless the harbor channels and basins approximate simple geometrical forms 
> separated by sharp constrictions or other simplifying limits. The problem re- __ 
ferred to is resonance. At one California small craft harbor, waves of certain — 
critical frequencies, which come in the entrance channel from the ocean, passa 
a constricted side entrance to a large mooring basin. _ They induce a resonating ie 
surge in the basin which has torn fittings from boats, broken mooring hard- 7 
_ ware on slips, severed lines and otherwise n made the basin unattractive to own- 
ers of boats who would willingly rent moorings there. With hindsight, it is 
clear that rather simple model studies of the harbor in the design phase might > yo 
have avoided what may now prove expensive, and certainly will be inconvenient 
remedial measures. Not the least expense, by any means, is the bad reputation 
_ the surges have made for the harbor among boat owners, ~~ 
_ At most harbors" on an open coast, wave approaches from many directions 
: are to be expected, because the waves are propagated in storm centers which 
may occur anywhere in the oceans. Thus, in general, there is no alignment of | 
an entrance which will not at some time have waves moving to the inner areas — 
v4 with only slight attenuation of their offshore characteristics, It follows that | 
some type of energy absorptive works at the harbor end of the entrance is de- 
sirable. A gently sloping beach directly across the direction of the channel is | 
_ superior to other devices, but often cannot be provided because of = himitas 


barriers should be avoided at all costs, because they almost totally reflect the 
E waves back on themselves | and the result is a series of standing waves | in the a 
' vicinity which have twice the amplitude of the waves prior to reflection. Care | 
must be taken with sloped boundaries, when they cannot be as gentle asa beach, 
el they be built of rough, porous rubble or otherwise be absorptive, lest they 


reflect the incident waves with results nearly as drastic as those of the verti-| 


<a Providing maneuvering room for sailing craft without auxiliaries can be an 
expensive , luxury. _ The number of such boats is diminishing rapidly and the 
limited number of slips needed to provide for these severe space-consuming _ 


- considerations should be located along main channels or basins, Likewise, to 


November, 1960, by James W, Dunham (Proc, Paper 2658), 
Vice Pres.. , Leeds, Hill, and. Jewett, Inc., Cons, Engrs., 
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> adopt a a lenght-to-width ratio of slips to allow for the occasional “square” hull * 


7 _ imposes a cost in terms of water area consumed which is unjustified. It — 
reasonable to expect the owner of the abnormally wide boat to meet the great- 
_«& rental expense of a longer slip and thus have the required width. ae - wane 
‘Fig. 2 is particularly interesting when compared with the record of nearly © 
9,000 boats owned in Orange County, the area in which the famed Newport Bay a 
is located in n southern California. in planning for two new harbors, each to pro- - 


card data for every boat more ‘than 15 ft long registered in n Or ange County - in : : 
1960. Fig. 14 presents those data by percentage distribution of lengths, and q , 
the San Bay Area om: drawn as a dotted line for comparison. 
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TO OR LESS “THAN INDICATED | 


FIG, 14,.—PLEASURE IN ORANGE COUNTY IN 1960 


Apparently a marina for southern California size distributions would 

“not fit the demand in San Francisco Bay. 
_ Analysis of the same punch card record for Orange County boat ownership 

r 


eveals that virtually all boats more than 27 ft long are moored in marinas a 
he year around, and practically none less than 19 ft are kept in slips at all, 
but are trailered from dry storage to the water. Marina operators report that — 

_ the expense of managing slip rentals for boats less than 25 ft long is dispro- 4 
_portionately high because of the readiness of their owners to terminate rental 
agreements and remove their boats to dry storage. ‘The situation is perhaps 

= to the difficulties of managing small furnished apartments where 
occupants are highly tra transient. o A a lies in the insistence adnan owners — 
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of th 1e small boats that they pay no more rent per foot of slip than do the own-— 
rs of larger boats. One compensating factor is that the cost of land, whether — 

a already water-covered or dredged to make installation of mooring feasible, is 

_ porportionately greater for the larger slips than for the smaller, because 
_ broader expanses of maneuvering areas per slip are necessary for the large 
boats. . Whatever distribution of slip sizes one may adopt after studying the : 
local statistics, the majority of boats will be in slips longer than the individu- 
al needs, if the ‘usual rule is enforced that no boat may extend into the approach ~ 
channel. Unless a large marina is built “from scratch,” it is not economical © 

‘to break 1 the slip sizes down to as small as 5 ft increments of length. A cur-— 
the design for 575 slips in a southern California harbor is | distributed to fit 


the Orange County record as follows: © 
"Length of Slip, in fe feet 


floating facilities are open to the walking 
public, which includes the unsteady on foot who are young, or old, or wearing © 
spike heels, or full of “good cheer. haps none of these should be on the 
quickness of response by floats to wave action, or boat impact, or any other 
moving load, deserves careful consideration. Also, working of joints in highly | 
flexible | structures often becomes a maintenance problem. 7 Flexibility of deck 7 
systems and light weight, small displacement flotation elements should be 
avoided to the extent that cost and connection stresses will allow. With framed 
decks bridging from pontoon to pontoon, it is reasonably easy to design for 
stability against horizontally applied loads on the slip fingers and walks. The 
deck system can be cross-braced and act as a deep truss laid on its side. 
However, it is difficult to design a system so shallow, vertically, to resist 

- torsional displacement with eccentric vertical loading. _ Assemblies of con- 
_ crete boxes, tied together with plank facias and with their | upper surface serv- 
_ ing as the walking deck, have been used for slips and develop great assistance 
to torsional "displacement. 
formance as a deep girder resists distortion ander any eccentric loading which 
would not otherwise sink the assembly. 
_ Recently the: writer went to their established ‘marinas, two of which the 
slips were wood frames on lightweight floats and the third was a continuous 
concrete float system. The more reactive wood frame a 40 in, wide, — 


edge. ‘The’ ‘stiffer wood frame, 44 in. wide, deflected only 3/4. in, 1. under the 
same load, but for an all-concrete float system slip finger only 34 in. wide, it : 
required 280 lb 4 in. in from one edge to develop a 1/8 in. deflection. The re- 
lative stability was even more dramatic under quick load, applied as a rapid 
& shifting of weight from one side to the other or by jumping from the decks of 
_ boats in the slips” to the the walking surface of the floating slip enclosures. = 
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LATEST DREDGING PRACTICE? 


Charles E. Behike, John B. and Alf. H. Sorensen 


CHARLES E. -BEHLKE, 2M. ASCE.—The writer like to offer a few 
_ statistics and practices of dredging in The Netherlands that are interesting to &§ 

_ compare v with those of American dredging given by the author. Most of the in- 

formation provided wa given to the writer by Ir. H. T. den Breejen. 
_ Some of the most striking differences between Dutch and American dredg- 

ing practices are illustrated ed by the e following figures on | Dutch 

1957. 


Bucket Dredges Br 


‘Suction Dredges 
Hopper Dredges re 


Dripper Dredges 


in mining operations. Suction. dredges in Holland are sharply on ‘the 
increase. The figures also indicate the relatively large number of barges used. 
ad Generally, Dutch dredges are smaller than those in America and the erees 
are frequently housed on the dredges of any size. ge lig 

pin Dutch bucket dredges are usually rated by the size of the buckets. Hence, 
on a 400 1 dredge, each bucket would have a capaicty of 400 1. On the average, 
Dutch bucket dredges cost approximately 3,000 Dutch Guilders per 1 of capa- 
city (abbreviated f. 3,000) (Approximately f. 3.7 = $1.00). On the basis 

3,000 per per following figures would ‘apply approximately toa 

Initial cost of dredge = 400 (3,¢ 000) =f, 1,200,000 


1. Maintenance including dry dockage 


eutte 8% of initial cost per yr 

a 2. Insurance at 3% | per  _ 

Sinking fund at 6% interest and 25 yr 
4. Interest on initial cost at 6% — 


at 3% of initial cost 


‘Total fi fixed cost per yr 


= February 1961, Ole P, Erickson (Proc. Paper 2729), 
2 ~ Assoc, Prof, of Civ. Engrg., Oregon State Unov., Corvallis, Oreg. a*9 
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Dutch use a relatively large number of bucket dredges. This is | 
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1961 


Operating costs per week of operatio: 


Wages 
ian insurance 


Coal 


weekly operating costs 

a coal operated dredge 


for a diesel dredge 


The average Dutch dredge works approximately weeks. per yr, so 
weekly charge of operation is the direct. operating cost plus the fixed costs 
_ prorated more than 30 months. — amounts to f. 4,300 + (f. 261 sna 30) 


000 per week of Of this, manpower costs only f. 1, ,500, or 
- approximately 1 11.5%. The best manpower can be sought because there is little 
difference in cost between good and poor crews. However, earnings are al-— 
“most directly a function of how well the dredge is operated. . The relatively — 
= cost of labor also explains the fact that Dutch dredges are usually ”~ | 
_ Some of the Dutch methods of operation are of considerable interest, The ® 
writer observed that no anchors were handled by booms on Dutch dredging op- - 
erations. Auxiliary boats usually lift and place the mooring anchors. 
® __ Many Dutch dredging firms like to use the three joint method of cunnetting 
their pipe between the shore pipeline and the dredge. This is shown in Fig. 10. 
This method only works well in calm water, but it allows the dredge to cover 


a great area without handling any piping, 


the Dutch uae to support the 


=f, 1,000 . 

— 

FIG, 10,—THREE JOINT PIPE CONNECTING METHOD 
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DISCUSSION 

Fig. (11. This type of pontoon wo: works especially well in. rough weather, it 
has a glaring disadvantage because leaks in the pontoon are quite difficult to 
Another type a of pontoon is shown schematically in Fig. 12. This type of 
pontoon has a removable top on each segment allowing several to be stacked : 1 
like pans when the dredge is moved. 

= Few of the Dutch dredges are self- -propelled. | They feel that, a 

ing operation the dredge is only moved a few times a day, it is cheaper to have — 

a small tug provide the necessary propulsion, thus saving space and — 

_ Some of the bucket dredges have hoppers into which the dredged ‘material is 7 

dumped and from which it is picked up by a suction line and put into the dis- 

charge pipe. This is essentially a dredge within a dredge. It would seem bet- 4 
ter: to make the dredge a suction dredge to begin with, but the Dutch feel that 

for many materials such as clay, the bucket dredge works more efficiently - 
_ than a suction or suction cutter 
_ The writer has recently received information that IHC Holland, a atin 
of six companies that builds and repairs and “is present- 


Removable 

Pan 1 Pontoons 

‘FIG, 12.—PAN TYPE PONTOON 
WITH REMOVABLE 

(TOPS 


“5, 300 be. ‘They will be. the dredges ever by these Dutch 
contractors. The dimensions of these dredges are 190 ft by 44 ft by 14 ne 
It is also interesting to note that THC Holland operates a testing verenarendll 
in Delft that seeks improvements in dredging methods. Here models are con-— 
structed and tested under controlled conditions Much il 
has been obtained in this laboratory. _ The writer knows of no other laboratory 
_ The Dutch construct many ‘dredges and own and operate so mz many that dur a 
= depression of the 1930’s, there was not enought room in home ae. | haf 
- moor all of their unused dredges that were working throughout the world , 
at home at the beginning of the depression. = = 
- While in Holland, the writer witnessed the aftermath of a serious dike break 
at Tuindorp-( Oostzaan in January, 1960. Immediately following the dike break, _ 
five large suction dredges that were in the vicinity were moved to the e afflicted 
area. As soon as the dike repair was affected, the dredges placed their suc-_ 
ton lines in the flooded areaand pumpo out flood water, — 
ing only water and no soil. = 
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The new new for the City of Rotterdam will pass through the center of 
y business district. The Dutch will not tunnel to accomplish this construc- 
tion, but will work in a large open trench that will be created by dredging. oe 

i “When the Maas tunnel was constructed under the Maas River in Rotterdam, 

the construction was performed without tunnel. A trench was dredged across 
_ the river and precast tunnel sections 200 mi long were floated into position F, 
and sunk in place. . These sections were then connected ina a watertight manner 
and the water removed, thus creating a ‘tunnel with dredges pi performing the 
‘The preceding examples illustrate the fact that the Dutch, besides being a 
trading nation, are also a dredging nation. The writer does not wish to imply 
that Dutch methods are better or worse than American methods. The two can- 
not be compared because the financial structure in the two countries with re- Z 
_ gard to labor is so completely different. This information has been offered to 
_ indicate some of the practices in another. country that are quite te important in a 
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In analyzing the of dredging (the principle of dredging by 
Pe of a centrifugal pump), mention should be made of the existence ofa 

hydraulic hopper dredge General Moultrie4 in the United States in 1 1855. The A 
dredge pump with an impeller of approximately 6-ft diam, was revolving on a 
vertical axis, its 19-in, diam suction pipe with a bell- mouth lower end resting» 
- on the channel bottom, while it discharged the dredged material directly into a 
: “hopper” in the vessel. The pump was moved by the steam engine which was 
used to propel the ship. The records indicate that 328 


of | material was dredged per working day. 


for dredging in the United States. The General Moultrie became a casualty of 
the Civil War, and dredging by hydraulic means was not tried again in the © 
United States. ‘until 1871, when a steamer, Henry Burden, was converted for 

; suction dredging and used in improving the mouth of the St. John River, Fla. * 
_ The dredging equipment of the Burden consisted of a 9-in. centrifugal pump, | 
7 6-in. suction pipe on each side, tee-connected to the single pump, , and t two > 


6-in, pipes tee-connected to the 9-in. pump discharge. 


: Z i A great number of hopper dredges were either purchased or built by the 


a hopper capacity of 8,000 cu yd, maximum dredging depth of 60 ft, and is 
equipped with two 36-in. suciton - 32-in. discharge dredge pumps, 1,850 hp 
each, Construction of new hopper dredges by the Corps of Engineers since 
4 1936 was aimed to replace the older dredges. Because of the improved effici- . 

ency of the modern dredges with their larger hopper capacity, greater speed, _ 
and better maneuverability, the number of dredges operated by the Government 
i Assoc, Prof,, Chrmn., ne. Div., Fritz Engrg. Lab., Civ. Engrg. Dept. , Lehigh 
4 Uniy., , Bethlehem, Pa, 
a? 4 Journal, Franklin Inst, ., Vol, 32, 3rd Series, No. 6, December, , 1856. hee 


| ha Ser of hopper dredge Essayons in 1949, The Essayons | is 525 ft long, has 
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ey describing various hydraulic dredges, mention might : also be made of the : 
sll portable” type dredges. These are hydraulic pipeline cutterhead type with | 
main dredge pump driven by a high-speed Diesel engine through a reduction 

: a gear . The hull is approximately 52 ft by 20 ft by 4 ft, and they can be disas- = 

__ sembled and transported overland to another location. The pump has a131/4 

_ in. suction and 12-in, discharge, and is operated by a 260 hp motor.6 Ithasa 

- maximum digging depth of 26 ft and is capable of pumping distances up to3,000 ~~ 

tt, with outputs varying from 100 to 300 yd per hr in normal materials. The 

‘Saal dredges which were built for the Indonesian Government may be be used . 


4 


operate or ona 24-hr schedule necessary. Also, the dredges operating 
in remote areas, such as the two dredges —, built for the Brazilian anil 


“a 30° , and entrance vary 16° to 24° The writer finds that the. dis- 
charge vane angles varied anywhere from 22 1/2° to 35°, and even 67° in the | 
_ older dredge pump. ¥ However, the trend seems to be to reduce the discharge 
vane angles; for example, the Tecently built dredge S. S, Zulia in Japan has a > 
_ discharge angle of 22 1/2°. Such low angle is usually recommended for pumps: 
- handling water,§ and it has not been used on dredge pumps until recently. __ L 
The writer finds that the entrance vane angles vary from 37° to 40°; the — 1 
Ss. S. Zulia and Essayons having an angle of 45°. 
_ The author mentions a number of empirical formulas for computing fric-— 
tion in pipelines and rightly : states that unless reasonably ¢ correct allowances 7 
are made, the computations may be misleading. _ There appears to bea great 
research need to determine the effect of concentration of the solids in water, — 
_ the grain size, and distribution on the friction factor f. Observations in the 
a 7 laboratory indicate that when the concentration of solids is low (up to 1,200 g/)), 
the resulting mixture is essentially water with solids in suspension, and _ 
_ solids settle readily. However, when the concentration is high (up to 1,400 g/1), 
_ the mixture appears to o be homogeneous. ; It has properties of of a non- Newtonian 
: fluid and the solids do not settle readily. ‘The 2 author mentions that the dredge 
7 _ may pump up to 40% solids. This is misleading unless further clarified wheth- — 
the percentage solids is by weight or by volume, This, too, may be mis- 
unless the “solids” are defined. “Solids” as they are sometimes re- 
= ferred to in dredging practice, are actually comprised of the dry voidless — 
- - plus the water which occupies the void spaces between grains. To avoid 
; confusion, these could be called “solids” a as “in situ” material, or “bottom 
7 ‘material. » The density of material expressed in grams per liter with its per- 
by equivalent will be ‘The tot: total ex- 


(8.G.) + (1000 = = 1400 . 


“The Hopper ” by F, C, Scheffauer, Editor- -in- -Chf., US, Govt. 
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in grams per liter, in which x = cubic centimeter of true solids and S. G. 


specific gravity of solids, 

= Assuming the S.G. of solids = 2.60, x = 250 cu cm of true solids, leaving 750 
 eucm of water. Thus the mixture contains 25% by 1 volume of true solids. _ 

OA study was on by Lehigh University, under the sponsorship of U. 8. 


3 the design of a lame pump primarily for pu pumping silt -clay- water mixtures. 
The affect of impeller design on pump efficiency was studied in some detail, 
‘particularly for the silt-clay -water mixtures. The discharge vane angle was 
varied between 22 1/2° and 35°, as well as the vane shape in the 1:8 = 
model pump of Essayons dredge pump. It is not intended to present the model 
study results here, however, it should be indicated that the pump efficiency can = 
be increased for 71% to 76% for 1,380 g per 1, by changing the vane shape from — i 
a radial to an involute curve. Also, a change in the discharge vane angle can 
Ps produce an increase of efficiency from 80% to 82%, and 76% to 83% for the 
ALF H. SORENSEN,8 A. M. ASCE. author in stating 
b. = there is quite a bit of disagreement among dredge designers and builders as_ 
to to the exact methods and procedures in this field both as to equipment design | 
and its job application. _A large majority of dredge people today (1961) do 
agree on the certain facts and some of these deserve the following comments. | 
‘Standard equipment built today by United States and European manufactur- 


: feature 10-in. hydraulic pipeline amie with hull sizes as small as 40 ft 


long, 14ftwide,and4ftdeep. 
; OA large majority of modern dredge pumps presently built and used by ma- 
jor United States and Canadian contractors are single suction, volute type 
wa pumps with a one-piece pump case (or cast in two halves on larger _ dredges). — 
2 The engine side head and the suction side head are lined with either Ni-hard = 
or diamond alloy or ‘abrasion resistant steel liners, ‘s Usually the pi pump case 
and the impeller is made from steel alloy castings tvem either one of the three os 
_ general groups of steel such as (a) Abrasion resistant carbon alloy steel, (b) 
Chrome- -nickel-molybdenum alloy steel, heat treated toa high Brinell hardness 7 
= abrasion resistant properties, and (c) Manganese steel (manganese steel 7 
is used when pumping gravel where the gravel | causes —* hardening and 
_ increases the abrasion resistant qualities). 
— The pump heads are made from either an steel or or fabricated steel and do 7 
not require abrasion resistant qualities, ees 
a _ Fully lined pumps with fabricated cases are ‘mostly used in applications 5 
where extremely abrasive sand and gravels are handled. When abrasion qual- | 
ities become the principal design criteria, the pump parts which are in contact 
with slurry mixture is usually made of Ni- hard or of diamond alloy. These 7 
Hors however, have little tensile strength and require an outer fabricated - 7 
_ Casing to obtain ‘the necessary structural or tensile strength in the pump as a 
4 — check with the major contractors and pump manufacturers i United a 


States shows that a substantial majority of these disagree with the author in 


_ 1 “Characteristics of a Model Dredge Pum by J. B. Herbich, Fritz Lab, Report — 


No, 277-PR, 31, Lehigh Univ., 1959, oa 
Civ. Engr., Ellieott Machine Corp., Baltimore, ‘Md 
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DISCUSSION 

In almost no practical case can a 10-in. dredge pump, pumping through | 

_ 10-in. I. D, pipeline absorb as much as 600 hp. The majority of 10-in. pumps” 
built today (1961) are designed for power applications between 100 hp and ~~ 
: 400 hp. Most manufacturers have standardized on power range between 200 - 
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favors the one-piece casting type cutter or with bolted-on blades. The one. 
piece cutter is still common, 


_ Many designers recommend a cutter-shaft-thrust bearing to be installed as" 
a separate unit outside and forward of the reduction gear, instead ofasaninte- | 
_ gral part of the reduction gear itself. The reason is that when a bearing fail- 


ure occurs, particularly on large dredges, it is more economical and time- 
_ Saving to repair a separat rust ing instead of dismantling the entire 
reduction gear, 
_ The direct suction pipe cutter drive was first used when hydraulic dredges — 
came into common use in the United States in the beginning of the 1900’s and 


i 


| 
While the first cost of “built-up cutters” (or cutters welded together from 
castings or structural steels) is low, the long-term operation economy still 
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u ust, 
_ already at this time was shown as an item ; 
tractors 2 agree that this system is impractical from a maintenance point 
dt should also be mentioned that recent years have brought into existence | 
Mention is made of a 40% solids content in dredge pipeline slurry. It should — 
&§ ts emphasized that this is a 40% solids by weight. _ It is, however, more common _.. 
use percentage by volume since dredge material is always mentioned by cu- q 
_ bic yards or cubic meters and in this case the 40% figure would correspond 
h — still remains to be proven theoretically as well as ‘empirically that a di- © 


rect suction pipe cutter drive gives a less water vacuum than a conventional © 7 
- The maximum aeiitedian | in a hydraulic dredge system is basically the | 
juin of the pipeline velocities, but this is only true where the dredge pump > 
ss a positive feed. That is . where the solids are mixed with the water at a_ 
. een ratio in front and above the suction inlet of the pump. On hy- 
draulic dredges, however, production is a function of the suction velocity 
and the ability of the cutter and suction head to feed the suction end of the lad- 
7 “Pig. 1 shows how one manufacturer in the United States » [ae dredge 
capacities for smaller hydraulic. pipeline dredges. 
* _ To base the capital cost of the new dredge on the e horsepower shes may be 
quite misleading without qualifying whether ‘it is a diesel, diesel partial elec- 
tric, , diesel electric or all electric dredge. 7, recent investigation of dredges — 
built in the United States shows that dredges in the sizes 8-in. up to 16-in. va- 3 
_ ryin price from $180.00 to $350. 00 per hp. Larger dredges in the sizes 20-in, in. 
ough 36- in. from $275.00. and as high as -00 per hp. 


MARINE OIL TERMINAL FOR RIO DE 


Discussion by Glenn B. Woodruff, Richard 3. Winkler, and Joseph ‘Finger 

GLENN B. WOODRUFF, 10 F. —The determination of berthing 
_ 7 mooring forces and the most efficient means of providing plays” an important 
7 part in the economics of the design of a fuel handling pier. The author has 
given an excellent example of such a design. In this particular case, the loca- 
& was such that wind currents and waves were a minor consideration. _ 


the general case, the mooring rather than the berthing forces may be contest 

Referring to Fig. 3, many designers prefer to set the breasting dolphins 

_ ahead of the hose handling platform so that the tanker does not come into con- 
tact with the latter, This eliminates any movement of the platform in refer-— 
a to the submarine lines and reduces the amount of fendering required, 
While the location is well- sheltered, the tanker may be subject to winds of 

33 knots, ‘currents of 1 knot and waves 5 ft high. Precise ‘data for computing 
forces resulting from these are not available. Especially with 
more flexibility than is provided, the mooring forces against the fenders may _ 
: well be at least in the same general order | as those computed during berthing. © 
Fig. 6 gives an excellent picture of various conditions during berthing, The 
reduction coefficient allows for the distance between the center of gravity of 
ae: the tanker and the point: of impact. The author has neglected the hydrodynamic 
mass that may be considerably greater than the mass of the vessel, the divi- 4 

sion of the impact energy between the tanker and the structure and wind, wave, ; 
and current forces during berthing. This entire matter is complicated; the | 
designer has the option of selecting such approach velocities and angles that 
: _ will permit of great variation in the potential energy in the fender system. An 
_ analysis of the available literature leads to the conclusion that ‘average and q 


we (0.004 + | 


represents the displacement of vessel, ‘in tons 
_ The assumptions for various designs range from 0. 50° times to 1.50 ion. ‘- 7 
“those given by Eq. 6. The smaller value may be used when winds, , currents, 
and waves are negligible; the larger ones when ‘such conditions are severe. 
For the author’s case of a vessel of 137,000 tons, E becomes 375 ft tons as | 
a a detail design of the fender system, the writer prefers to secure greater 
flexibility than the author proposes. This is especially important, , because the ; ) 


| 
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wa wave forces fall off rapidly with increased flexibility. ‘To achieve such results 
: writer combines flexible breasting platforms with the fendering. While for 


this particular case the assumption of 100 ton bollards may be sufficient, the 


id writer suggests that this should not be taken as a _ precedent by others. The 
designer has no control over the number and strength of the lines the tankers 
master will use. _ The U. S. Navy has adopted as a standard for aircraft aa im 
riers that are considerably lighter than the : supertankers, bollards of 200 ton 


G None of the preceding should be considered a criticism of the author’s de- a 


RICHARD S. WINKLER,!1 A, M, ASCE.—The terminal, while small, con- 
altering the number of berths | available, is of interest in that a ‘number of 
modern advances have incorporated in its design which give it much operation-— « 
= i flexibility. The use of positive displacement flow meters , telemetering, and = : 
the successive use of pipe lines for differnet products without | causing ‘contam- eo 
—_—-!* are all of particular interest. Although the writer is more  ° 

_ with the structural aspects of such a terminal, a paper on these operation fea- 

_ tures would also be greatly appreciated. 
be In calling attention to the problem of choosing an approach velocity fora 
— berthing ship, the author has emphasized one aspect of structural design sub- be : 

ject to the most arbitrary sort of personal opinion. Perhaps this is due toa 

_ difficulty y in discriminating between a reasonable design condition and an ac-_ 
- - cident. At any rate, as tankers grow larger and as terminals must be — 

in more exposed locations, these design problems assume greater importance. 7 

a Maximum Tanker Size .—The rate at which the size of the newest tankers — 
_ has grown since World War II is awesome . No other class of ship has shown ~ 
such rapid increase in size in so short a period, and it is likely that this rate 
5.4 of growth shall continue. . At the present time (1961) two 130,000 DWT tankers 
are on order in Japan. These ships will cost $14,000,000 and will have a capa- 
- city of 900,000 bbls. Their proposed dimensions are: length overall 955 ft, 7 
7 a beam 141 ft, depth 73 ft and draft 54 ft. These vessels will be driven by steam 


turbines rated at 28,000 shp at speeds t up to 16 knots. Although the present —— 


surplus of shipping tonnage has lead a number of oil companies to suggest that — 
perhaps the limit in the size of tankers has been reached, it can be seen from 7 


possibly larger. There a are a number of technical problems foreseeable in 
signing and constructing tankers of this size but these ‘problems will undoubt- 
_ As seen from Table 2, in comparison with ; a 50,000 DWT tanker, a 150 ,000 

Dwr tanker is expected to reduce transport costs by one third. The incre- — 
_ ments of savings become proportionately less as size increases, but not to the 

_ extent that a 200 ,000 DWT tanker would appear to be a poor investment com- 

7 _ pared to a 150 000 tonner if the quantity of oil to be transported is sufficient 
to insure its full utilization and terminal facilities are available to avoid in- 
long port time. ‘The larger the greater the penalty 
any idle time, probably = amenenl reason why larger tankers than 105,000 


il 1 structural Arabian- ~Amer, Oil ., The Hague, Netherlands, 
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‘such a terminal will be any deterrent to the future use of such a tanker. The 
estimated dimensions for the 150,000 DWT and 200 ,000 DWT tankers are as Hi 


Dimension 4 150,000 DWT 200,000 200,000 DWT 


‘Length overall 1 ,000 ft - 1,100 ft 1,000 ft - 1, 200 ft 


150 ft - 170 ft 180 
slft- 55ft 60 ft 


capitalization cost for a typical It is thus unlikely that the cost of 


should be possible to berth raprenning as ; large a as 150 ,000 DWT and still provide : 
allowance for heave, squat, and some navigable clearance. 
_ Ship Handling Flexibility. —The author is correct in stating that a modern — 
te terminal need not necessarily be designed | a ‘single continuous pier 


TABLE 2, —ESTIMATED COST OF CARRYING CRUDE OIL FROM THE PERSIAN _ 
TO RIO DE JANEIRO, BRAZIL 


Ship DWT 100 | 45 


Round Trips per Year 
Total Fuel Cost per Year (M$) 
u Operating Costs per Year 840 
(excluding fuel oil - M$) | 
Interest and Amortiz Amortization per 7 980, 


Total Cost p per er Year ‘a 

7 Total Crude Oil Capacity an Year 


di 


‘Transpor tation Cost ($ per Bbl 


_ fittings, mooring provisions, and cargo loading and discharging facilities. Such _ 
lack of uniformity causes considerable expense and difficulty to terminal Op- 
erators. It would seem a worthy goal for the industry to achieve as much uni- 
— formity a as possible in tanker design, particularly on the question of cargo un- 
loading and discharge facilities. There is a normal tendency to increase man-— 
3 ifold capacity in the larger ships. . In the. newer vessels the cargo handling | 
system is generally divided into four sections, each with its own line to the 


7 Bengt location. - The main headers and crossovers are usually of 14 in. or _ 


: 


2, 
y 
0,000 | 200,000 
1000 | 1160 12900 
1420 | | 23000 
2400 3580 4590 «| 5500 
2500 | 4900 | 7200 | 9700 
— 
— : dock structure, and that an island wharf with local strong points has probably _ : 
the lowest possible first cost. On the other hand, however, a continuous face 
12. wharf with regularly spaced bollards does have a certain flexibility not obtain- 
able with a design in which separate structures are provided. 
i. 


of the 500 built by oil companies and 
their affiliates usually have a greater capacity in the basic cargo handling fa- rl 
cilities as well as more special cargo handling equipment than do those built © : 
"| for charter or speculation. The normal location for the manifold connections _ 
is from 45% to 50% of the ships length from the bow. All of the present tank- - 
ers except those of the Universe Leader class have a single manifold. _ These ‘ : 
have two manifolds located approximately 46% and 57% of the length from the ~ * 
connections vary from 2 ft-6 in. to 5 ‘ft- 0 in. above the deck and 
_ from 10 ft to 20 ft back from the ships side. 
the two manifold locations appears to be > only to offer more flexibility in mak- | 
ing connection to the wharf’s pipe lines. 
_ There is also” ‘some | variation regarding the number and types of mooring 
lines. _ The newer ‘ships | are equipped with a variety of chocks and winches for © 
- wire or manila rope, or both. Power winches are located on the bow and stern 
; some ships have constant tension winches. The newest Esso tankers car- 
ry 14 in. steel cable with a breaking strength of 50 tons, while the braking — 
_ ‘power of the winches is 45 tons. The W. Alton Jones has six mooring winches — _ 
with 14 in. wire rope, and the 105,000 DWT tanker has ten mooring winches. k, a 
hh the case of a wharf with isolated strong points it is difficult to plan effici- 
ent mooring arrangements for the whole range of vessels from coastal tank- _ 
ers of 2,000 DWT to super tankers of 100,000 DWT. If mooring diagrams for 
the various ships were made based on the known locations of mooring fittings 
and manifolds, it is likely that the flexibility of a continuous face wharf would 
ibe apparent, Tn addition it is likely that in the case of the super tankers, the 
: mooring dolphins \ which are opposite the breast lines will be heavily | loaded, 
_ especially if the ship’s master should double up on his lines in event of a 
‘storm. The use of limit load bollards for these dolphins might prove wise. 
The author suggests that in the present ‘case this load would be 100 tons per 
pollard, The long leads required to run the mooring lines for some of the 
ships might indicate a desirability for power capstans on the mooring dolphins. pe 
_In the case of tankers of 130,000 DWT or more, the overhang of the bow of the 
= also becomes rather large when isolated breasting structures are used, | 
_ In addition to the preceding points regarding the flexibility of such a contin-— 
‘uous face wharf to handle a li large range of ships, there is a definite advantage | 
to ‘such a wharf when the number of berths to be made available is greater. if, 
‘the required time in port can be reduced by improving the ease of berthing, — 

_ deberthing or mooring, it may be possible to not only reduce the transport cost, ’ 
but also to reduce» the number | of berths required for a given’ throughput. In i; 
= this connection, most ship owners have indicated a desire that aship be turned | 

= around in less than 24 hr regardless of size. Sree ene 
a Berthing Forces.—The author makes a strong argument in favor of his opin- — 
: ion that large tankers do not necessarily produce impact forces exeeding those 
of smaller size ships. . His reasoning follows closely that of P, —— 


4 


F, ASCE, as presented at the 1957 congress of the P.I.A.N.C. in London. This 

_ Opinion is also held by a number of other persons, especially those who have > 

_ tried to observe actual ship velocities. _ Leimdorfer noted in his report, how- 

_ ever that the Stockholm harbor is most sheltered, being located 27 miles from | y 
& sea with hardly any currents, maximum wave heights of 2% ft, and moder- i 


ate winds. He . also stated that all vessels are accompanied by tug boats with- 
in the harbor waters, and he warned that conditions ~ iguapesaag in | the @ Stockholm 


harbor can be generalized for use in other ports. 
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"DISCUSSION. 
Bureau of Yards and Docks has made field measurements of mo 
_ forces of full sized ships in correlation with the effects of winds and currents. ‘. _ 
‘These tests were being made with various vessels but especially with aircraft = 
carriers at the Navy Yard piers in Bremerton, Washington and Terminal Is- if 
land , California. _ The results of the tests indicated low line pull and in some 
cases, no pressures were registered against the wharf structure. Due to the — Ft 


values to be unrealistic. ‘They had also intended to n measure e impact v ve- 
locities of ships berthing at wharfs but these tests have not yet been made to — 

One method of determining the ship’s S approach velocity is to assume that 
this is due solely to wind on the vessel acting over a certain period of time and 
being in turn resisted by the drag of the water on the moving ship. P. Callet 

in his report to the 1953 conference of the P.I.A.N.C. has presented this anal- 

-ysis quite well. From his analysis, several reasons are apparent why a large . 
vessel might not have as 5 high an an approach velocity as a smaller ship. First, 4 

_ the force ofa gust on a large surface is not as greatas ona smaller one. Sec- _ 
ond, the drag of the water which must pass under the bottom of the ship drift - 
_ ing broadside towards the pier varies inversely as the square of the clearance 
of the ship above the bottom and directly with the length of the vessel. In ad- 
dition, a ship approaching a pier pict on its beam would have a much great- i 


ter eebween a solid face wharf and the ship could also produce results similar 
to those observed by the Bureau of Yards and Docks. Third, the maximum | 
wind velocity to be considered is the value beyond which the me«ter deems it 
wise to put off the maneuver. . This velocity obviously depends on the ship and — 
on the characteristic of the harbor, especially on the position of the “cll : 
structure with respect to the wind, ' The master’s knowledge of the fender r sys- 
_ tem’s effectiveness may also have a bearing on his handling of the ship. oe %a 
A few large vessels are constructed these days without model testsconcern- | 
ing the propulsion and power requirements, it would seem to be possible to 2 
_make some of these models self-propelled and to conduct tests of the > +100 wall 
velocities and impact forces for simulated berthing operations. One objection — 
pace might be raised in this connection is that since the timescale ratio must — 
be proportional to the square root of the length scale ratio, in order to con- ) : 
7 form to Froudes law, a ship model must be made to react rather quickly. This 
- has proven to be no real handicap, however, and the Wageningen Scheepsbouw 
-Proefstation in The Netherlands for example is performing such sea handling 
tests in their Sea Keeping Laboratory. The test conditions simulate a 
_ the open sea and may include both waves and wind from any direction, but as" 
_ far as the writer knows, no tests are to be made simulating shallow water or _ 
‘ _ the berthing maneuvers in which the structural engineer as a wharf designer 
oy ‘is interested, Other laboratories have run navigational tests on self-propelled | 
: iy model ships in harbor or river models, but here again, so faras is known, no aa 
attempt has been made to determine berthing forces. a 
ae ee. This subject of the ship’s velocity at impact is an item of study at the e twen-— 
a tieth International Navigation Congress to be convened in Baltimore onSeptem- 
ber 11, 1961. ‘Itis that additional ul light w will t ‘shed on Gis 


time. 
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Fender author emphasizes that t the rubber sandwich buffer 
* is perhaps the most efficient type of spring for absorbing energy. A preten- fer 
_ sioned steel spring, however, could be used to yield a lower reaction than a 
_ comparable rubber sandwich buffer for a given energy absorption and deflec- a 
q tion, ‘Steel springs on the other hand are subject to breakage of the structural . 7 
Pa guides since whenever energy must be absorbed by a rigid object, the reaction - a 
_ A fender system which is satisfactory for a 100,000 DWT tanker tends to be — 
 - tiff for a 2 ,000 DWT coastal tanker. This: might | call for a two element 
system such as a combination of rubber rolls and rubber sandwich buffers, a 
pane rubber sandwich buffers with a design deflection of 24 in. to 30 in. a 
might be used. The English licensee of these fenders has completed tests on 
ss representing fenders with as much as 30 in. of deflection without ob- * 
_ serving any tendency toward instability. They have also made overload tests . 
- indicating that these fenders can n be subjected to at least a a : limited number of 


7 ate the advantages of both high deflection and provision for overload deflec- fe 
tion in future designs even though at some additional cost. ge RH 

JOSEPH H. FINGER.!2_Having carefully followed ‘the author’s 
computations on the fender system designed for a 105,000 DWT tanker and the 

- resultant reactions and deflections for each buffer shown in the load diagram > 

_ (Fig. 13), it was difficult to understand how he could reach the conclusion that 
approximately 30 ft of the bow of the vessel will be in actual contact with the § 
_ Referring to Fig. 13, it is noted that, with the acting forces (13 kips per ue 
~ ft) located at about the center of the breasting platform, the end buffers oanend 
+ 1/2 in. with a reaction of 2. 78 kips” and the adjacent | buffers deflect — : 


greater deflections and reactions toward 
Consider the steel wale which will be capable of ‘transmitting these loads to 
the buffers. The section modulus of such a steel member, computed on - 
basis of an elastic limit of 33 kips per sq in., should not be less than 170 sq 
in A steel member having a section modulus of this magnitude would be — 
. to a 18 WF 96, with a moment of inertia equal to 1674, Considering such a 
steel member to be a continuous wale in the fender structure, and — 
_ ing the stiffness of such a steel member, it is most difficult to understand how 
the beam could ever deflect 18 in. from the first to the fourth buffer without 


ae its elastic limit and resulting ina permanent deformation. . It must, | * 
_ therefore, follow that if a number of buffers are connected by a continuous — 
‘steel wale, the stiffness of the wale becomes the limiting factor of the resili- resili- 
ency of the buffers, and consequently of the fender system as a whole. 
a Another approach to the case shown in Fig. 13, assuming that a 18 WF 96 
steel member were used as a continuous wale, is to accept the fact that the ; 
two | center buffers were deflected approximately 18 in. Adjacent buffers, con- 
a” sidered away from the center, would be deflected 17 in. , and 16 in., and 15 in., 
respectively, if the elastic limit of the steel wale were not to be exceeded. To 
obtain such deflections on the buffers would require an acting force far great- 


er than that shown (13 kips p per lin ft), with a contact surface greater in length — = 
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DISCUSSION — 


much less than the 30 ft shown in Fig. 13. the of the 
acting force, per lineal foot, will be mneh higher than the 13 kips used by the 
author for his load diagram. The result of this situation will be that the buf- 
fers, applied as shown, will t never reach the deflections obtained when tested — 
_ Despite the discrepancies previously cited in the design of the fender sys-_ =~ 
tem selected as the most suitable for the berthing conditions described, the — 
author is to be congratulated on the thoroughness of his analysis of site con-_ 7 
ditions. His determination of the kinetic energy which a super tanker | may im- 
_ part to a mooring platform, considering wind direction and velocity, wave = - 
tion, tides and currents, as well as velocity and angle of approach, were clear- 
ly presented, Having carefully compiled the. basic data on which 
“fender system must be based, the author then briefly analyzed the gravity, 
rng, certain types of rubber fender discarding them all in 


2 may be. affording satiatactory service, its adequacy to full 


fill the design criteria shown, is questioned. 
ae To go one step farther, since the author states in his conclusion that, ‘ “itis 
hoped this paper will lead to discussion... . . so necessary for the proper de- 
sign of modern marine terminals,” attention is directed to another type of 
_ resilient fender system which the ‘author has apparently overlooked, This is 
the Retractable Fender System, in use for the past 7 yron the most diversified 
types of pier structures with excellent results, but without the massiveness or 
= complicated suspension system which the author considers objectionable in his - 
analysis of gravity and inertia fenders. The retractable ‘system is based on 
io _ absorbing kinetic energy by utilizing the gravity of the frame, the frictional | 
resistance obtained from the travel of the fender on an inclined plane, and the 
“friction between the upward moving fender and the hull of the vessel. Depend- 7 
ing on site conditions and the amount of kinetic | energy to be absorbed, the re- 
7 ba pec (or length of travel) may vary from 8 in, to 48 in. Various aspects of 
this system hi have been ‘more described elsewhere. 13 14, 


stant 


- “New Retractable Marine Fenders System,” by Palmer W. Roberts a 
Blancato, Proceedings, ASCE, Vol, 84, No. WW1, January, 1958, 
«144A Bresting Dolphin for Berthing Supertankers,” by John u 
Blapeato, Proceedings, ASCE, Vol, 85, No. Wwws, September, 1959, 
Dock and Harbor Authority, December, 1960, a 
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_The author is to be commended for the work he has < ac c- 
~ complished in compiling useful data regarding the use of beach fills as a shore 
_ protection measure. As he has stated, the periods of study since initial place- —_ 
- ment of the beach fill are generally | short. During the initial period losses are 

frequently difficult to distinguish from changes due to profile adjustments. € 

_ Longer periods of observation should furnish more realistic rates of losses in 

many cases. Additional « data to June, 1960 for Prospect Beach made available 
to the Beach Erosion Board since writing of the original paper indicate an av- 

7 erage annual loss of approximately 13,000 cu yd from between the planes - 
mean high and mean low water, This is an indication of the probable annual 
nourishment requirement, rather than the indication | of no nourishment re —_. 

_ quirement based on data to June, 1959. It is hoped that surveys will be con- 


_ tinued to provide data on behavior of beach fills over longer periods. -_ 


@ February, 1961, by Harry S, Perdikis (Proc. , Paper 2744), 
st Chf., Proj. Development Div., , Beach Erosion Bd., Washington, D. C. 
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